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RESEARCH
Absolute Configuration
By W. L. F. ARMAREGO, A.R.A.C.I.,
Chemistry Department,
University of Melbourne
The prediction of van’t Hoff and Le Bel that the valencies 
of the carbon atom are directed towards the comers of a regular 
tetrahedron was proved in 1848 by L. Pasteur’s resolution of 
racemic sodium ammonium tartrate into the dextro and laevd 
forms. This discovery was followed by a period in which a number 
of compounds were resolved into their optically active forms. 
In addition, several optically active compounds were converted 
into one another, thus revealing their stereochemical relationship. 
Dextro and laevorotatory enantiomorphs are mirror images of 
one another, but there is no chemical method possible for deter­
mining the absolute arrangement of the atoms in space.
With the accumulation of much information it became 
necessary to adopt an arbitrary standard and relate the then 
known optically active molecules to it. E. Fischer used D  (-(-) 
tartaric acid as the standard but later the simpler D  (-f)  glyceral- 
dehyde was more widely used and given the arbitrary configura­
tion as shown in Fig. 1.
CO H
H ^ p O H
CHO
OH . C .
! HO-^I H
CH^OH V CO^H
D (-h ) glyceraldehyde D( +  ) tartaric acid
Figure 1
It was not until 1951 that Professor J. M. B ijvoet\ actually 
working in the van’t Hoff laboratories at the University of Utrecht, 
determined for the first time the absolute configuration of an 
organic molecule. This was done by X-ray crystallographic 
methods using sodium rubidium tartrate. It was found, fortu­
nately, that the absolute configuration was identical with that 
arbitrarily assigned by E. Fischer. These results were later 
confirmed by J. G. Kirkwood’s- mathematical derivation from 
measurements of the optical rotatory power. These findings led 
directly to a knowledge of the absolute configurations of all the 
compounds which had been related to D  ( + )  tartaric acid.
In order to avoid confusion with the use of D  and L prefixes 
and to decide on a way of specifying asymmetric configuration.
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R. S. Cahn, C. K. Ingold, and V. Prolog^ suggested the ‘Sequence 
R ule’ for expressing the absolute configuration of asymmetric 
molecules. Several rules were proposed for the different types 
of asymmetry: (a) centre, (b) axial and (c) planar asymmetry. 
In its simplest form the rule states that for an asymmetric carbon 
atom the substituents are noted in order of their atomic number—  
from the lowest to the highest, and if the sequence in which the 
order is noted is clockwise, then the configuration is expressed 
as R {\dXm-rectus), and if counterclockwise, as S i\2d.m-sinister). 
In practice (e.g. D ( - f )  glyceraldehyde, fig. 2) the group with
/  A  >
'C E g O H
Figure 2: D  ( +  ) glyceraldehyde
the lowest atomic number (e.g. H.) is placed furthest away from 
the observer and the other substituents are noted in order of 
their increasing atomic numbers, viz. 1-O H , 2-C H O , 3 -C H 2OH. 
According to this sequence the substituents trace a right handed 
path, hence the molecule is described as R  (+ )  glyceraldehyde, 
whilst its enantiomorph would be S (-)  glyceraldehyde. For 
further information the reader is referred to the original literature.*^ 
The methods available for the determination of absolute con­
figuration can be classified as (i) absolute, (ii) correlation and 
(iii), mathematical. The first involves direct X-ray crystallography 
e.g. sodium rubidium tartrate. This can be simply explained 
by considering the enantiomorphs A  and B (fig. 3). The wave- 
trains of scattered radiation from the atoms shown will ‘interfere’ 
at the points X  and X'. The phase differences at X  and X', 
although the same in both cases, will be of opposite sign. This 
sign can be determined and the absolute configuration derived. 
A further application of the direct method makes use of a 
part of a molecule of known absolute configuration in order to 
obtain the stereochemistry of an asymmetric centre in another
part of the same molecule (e.g. CHyS(0 )CH 2CH (NH )2C0 0 H)^ 
The second method can be further subdivided into (a) 
direct and (b) indirect correlation. In the former, direct correla­
tion can be obtained by conversion into or conversion from a 
substance of known absolute configuration. Indirect correlation 
can be carried out by a comparison of certain physical properties, 
e.g. optical rotatory dispersion^, thermal analysis®. Asymmetric 
syntheses can also be included under this heading. Thus an 
optically active alcohol can be converted into its benzoyl formate
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ester^ and reaction of this with methyl magnesium halide fol­
lowed by hydrolysis will (if an asymmetric synthesis occurs) lead 
to optically active atrolactic acid. From a study of atomic models 
and from the known absolute configuration of the atrolactic acid
Ô , #
Î A Î
o
Figure 3: Phase differences between scattered wave trains from •
enantiomorphs.
obtained, the absolute configuration of the original alcohol can 
be deduced. In a similar way by the Meerwein-Ponndorf-Verley 
reduction, a suitable ketone (e.g. 1:2-3:4-dibenz-1,3-cyclohepta- 
dien-6-one®) can be reduced to an alcohol, using an optically 
active alcohol of known absolute configuration (e.g. S ( + )  pina- 
colyl alcohol) so as to determine the absolute configuration of 
the" original ketone. It must be noted that apart from steric 
obstruction, stereospecific polarization will affect the transition 
state intermediate and could also be a cause of partial asym­
metric synthesis®. Finally the absolute configuration can be de­
rived from the mathematical method of J. G. Kirkwood, using 
studies on optical rotatory power together with other properties 
of the molecule e.g. electric and magnetic moments. '
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Quinazolines.
Quinazolines
Part VIII.  ^ Electronic Effects in 2-Substituted
By W. L. F. Armarego and J . I. C. Smith
In a study of the cations of twenty 2-substituted quinazolines, it w as found that covalent hydration of the 3.4- 
double bond decreased according to the electronic effect of the 2-substituent; viz. + / > + A4 > -  /. This is 
explained by the effect of the substituent on the polarity of the C-4.N-3 double bond. The effect of the acyl 
group on the rate of ring closure of o-acylam inoacetophenones with alcoholic ammonia at 20° is also described.
I t  has been stated that in the quinazoline series, sub­
stituent groups which make the pyrimidine ring more 
deficient in electrons also increase the tendency for 
covalent hydration, whereas substituents which increase 
the availability of electrons in the pyrimidine ring 
decrease this tendency.^ This conclusion was derived 
from measurements of hydration in quinazolines sub­
stituted in the benzene ring. The properties of 
2-substituted quinazolines, however, did not appear to 
comply with this general rule. Of the 2-substituted 
quinazolines previously examined,® 2-methylquinazoline 
cation was found to be hydrated to at least the same 
extent as the quinazoline cation, although the methyl 
group increased the availability of electrons in the 
pyrimidine ring. Conversely, 2-chloroquinazoline cation 
was mostly anhydrous. To study this anomaly we have 
now prepared and examined twenty 2-substituted 
quinazolines. We conclude that, seemingly, the govern­
ing factor is the effect of the substituent in increasing or
decreasing the relative electronic charges on C-4 and 
N-3, and hence the polarisation of the C-4,N-3 double 
bond, across which covalent hydration occurs. Also, 
the general availability of electrons in the pyrimidine 
ring must remain low for water to add reversibly.
Because of its nature, the 3,4 double bond is polarised
8+/'~\ô -
thus —C=N—. If the amount of hydration depends on 
this polarisation, then a 2-substituent with a —/  effect 
(e.g., I; R =  CFg) must reduce the electron density at 
N-3 more than at C-4, act in a direction opposite to the 
polarisation of the 3,4 double bond, and hence decrease 
hydration. A 2-substituent with a + /  effect (e.g., II; 
R =  Et) increases the electron density at N-3 more 
than at C-4, assists the polarisation, and increases the 
amount of hydration. This is the case in the neutral
 ^ P a rt V II, W. L. F. Armarego and J . I. C. Smith, / .  Chem. 
Soc., 19G5, 53G0.
® W. L. F. Armarego, J . Chem. Soc., I9G2, 5G1.
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species. / In the cations the polarisation is greatly 
enhanced by the presence of the proton on N-3 or N-1 
(compare quinzohne and its cation) but it does not appear 
to alter the electronic effects. A 2-substituent with a 
-t-M effect [e.g., I l l ;  R =  OMe) would tend to stabihse 
a canonical form which has no 3,4 double bond, and 
would tend to reduce the amount of hydration. 
Although in the latter case the polarisation is such as 
to enhance hydration, the contribution from the canonical 
form (Illb) appears to be quite large, particularly in the 
cation [e.g., IV compared with 7-methoxyquinazoline 
cation in ref. 2). It will be shown that these electronic 
effects influence hydration markedly in the cations (see 
Table 1). Although the neutral species should show
(II)
SSS +
N88 + NS8-
(Illa) ( I l l b )
similar relative differences, they have a very small 
proportion of hydrated species and hence, for practical 
purposes have been treated as anhydrous.
Table 1
E lectron ic  effects a n d  h y d ra tio n  in  2 -su b stitu ted
quinazo line  cations
% +  7 - 7
Hydration (with weak -\-M) (with weak —7)
~90— 100 —Me 
- E t  
-isoPr 
-t-Bu " 
-CHjCl
—oO -N H j 
-N H M e 
—NMe, 
—OMe 
-SM e
0 — — -CM
-CHClg
- C F , '
® This group has only a. + 1 effect. * This group has a weak
+ M  effect. '  This group has a. —M  effect (see ref. 4).
The spectroscopic, ionisation, and rapid reaction 
methods used below for observing covalent hydration 
and for obtaining percentages of hydrated and anhydrous 
species were as described in ref. 5 and 6. In all cases 
where covalent hydration was present, negative aldehyde 
tests with ^ -nitrophenylhydrazine ® indicated the absence 
of ring opening.
2-Substituents with a -\-l Effect.—The compounds in 
this series were 2-methyl-, ethyl-, isopropyl-, and
• A. Albert, C. F. Howell, and E. Spinner, J . Chem. Soc., 
1962, 2595.
4 J. D. Roberts, R. L. Webb, and E. A. McElhill, J . Amer. 
Chem. Soc., 1950, 72, 408.
t-butyl-quinazoline. In addition to the -{-I effect these 
substituents have a weak -}-M effect due to hyper- 
conjugation, which falls off with chain branching. 
Examination of their ultraviolet spectra (Table 2) shows 
that, in the cation of each, the long-wavelength band is 
absent, although it is present in 2,4-dimethyl- and 
2-t-butyl-4-methyl-quinazoline cations. These spectra 
are parallel to those of the quinazoline cation, and 
hence the cations of the 2-alkylquinazolines are all 
predominantly hydrated. The methods for determining 
the ratio of hydrated to anhydrous cations were not 
sufficiently accurate to decide whether they were slightly 
more (or less) hydrated than the quinazoline cation, 
although they did show that the percentage of hydrated 
cation is >98.
The slight base weakening trend found in the 2-alkyl 
series, as the bulk and branching of the group increases, 
not observed in 2,4-dimethyl- and 2-t-butyl-4-methyl- 
quinazolines which are predominantly anhydrous, can 
probably be ascribed to a steric interference important 
only in the hydrated species.
2-Substituents with a —I Effect.—(a) Halogenoqxdn- 
azolines. These include 2-chloro-, dichloromethyl-, tri- 
fiuoromethyl-quinazolines and their 4-methyl derivatives, 
and 2-monochloromethylquinazoline. The chloro-sub- 
stituted compounds have in addition a weak -|-M effect, 
but the trifluoromethyl group has a —M  effect, 
considered to be due to hyperconjugationE xam in­
ation of the pivo values of these quinazolines (except 
2-monochloromethylquinazoline, see below) shows that 
they are very weak bases, and hence there is no ap­
preciable covalent hydration in the cations and neutral 
species. This conclusion is substantiated by the ultra­
violet spectra (see Table 2) of their cations, which 
closely resemble those of the neutral species and of the 
cations of the corresponding 4-methyl derivatives, where, 
as has been previously established,^ the 4-methyl group 
in quinazoline is an effective block to hydration.
The ultraviolet spectra of 2-monochloromethylquin- 
azohne, on the other hand, showed that the long-wave­
length band in the neutral species had been reduced to a 
very weak inflexion in the cation. By making use of 
these spectra the cation was found to be about 90% 
hydrated. Thus the inductive effect exhibited by the 
monochloromethyl group, whilst reducing the amount of 
hydration found in quinazoline and 2-methylquinazoline 
cations, does not have the drastic dehydrating effect 
observed when it is replaced by the more strongly 
electron-withdrawing dichloromethyl group. The 
kinetics of the decay of the unstable hydrated neutral 
species were studied by the stopped-flow rapid reaction 
method. This showed that the reaction was both acid 
and base catalysed (see Table 3), but the half life of the 
unstable species at the appropriate pH values was too 
short (~1 sec.) for the ionisation constants of the 
hydrated or anhydrous species to be measured.
® A. Albert and W. L. F. Armarego, Adv. Heterocyclic Chem., 
1965, 4, 1.
® D. D. Perrin, Adv. Heterocyclic Chem., 1965, 4, 43.
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T able  2
Io n isa tio n  c o n s ta n ts  a n d  u ltra v io le t  sp e c tra  of qu inazo lines (in w a te r  a t  20°
Spread Concn. A®
Quinazolines pAa (± ) 10 m ^ Amai-, (m/t,u lo g e ' Species p H "
2-Amino- 4-86 0-02 8-41 285 232 +  247-, 258; 350 4-47 +  4-19]; 3-67; 3-41 0 9-0
4-83 « 0-02 12-51 284 229 +  245 +  247; 284; 347 4-32 +  4-16 +  4-17; 3-64; 3-36 + 0-0
2-Methylamino- 502  ** 0-02 9-08 285 239 +  252]: 363 4-55 +  4 33;; 3-47 0 9-0
4 9 8 ' 0-01 10-29 285 234 +  249]; 285; 350 4-48 +  4-25]; 3-79; 3-59 + 0-0
2-DimethyIamino- 5-26 <* 0-03 8-59 290 244 +  260]: 375 4-49 +  4-32 ; 3-46 0 9-0
5 2 4 ' 0-03 10-86 290 239 +  255]; 289; 365 4-45 +  4-24;: 3-76; 3-66 + 0-0
2-Amino-4-methyl- 5 36 0-04 2-09 280 236 +  245 ; 260; 348 4-54 +  4-35 ; 3-66; 3-42 0 10-0
228 +  245;; 280; 342 4-36 +  4-27 ; 3-34; 3-25 + 2-0
4-Methyl-2-methyI- 5 48 0-04 3-04 280 241 +  250 ; 266; 358 4-57 +  4 33 ; 3-90; 3-42 0 10-0
amino- 234 +  247;: 281; 346 4-43 +  4-28 ; 3-56; 3-45 + 2-0
2-Dimethylamino-4- 613 0-02 3-86 270 246 +  259 ; 273; 369 4-49 +  4-34 ; 4-13; 3-43 0 9-0
m ethyl 239 +  252]; 282; 355 4-45 +  4-34 ; 3-67; 3-64 + 2-0
2-E thyl-7 4 51 ■' 0-03 100 224 ; 266; 310 + 320 4-64;; 3-38; 3-38 + 3-37 0 10-0
261 3-97 + 0-0
2-Isoprop yl 7 4 29'' 0-03 250 224;: 265; 310 + 320 4-62;: 3-38; 3-38 + 3-27 0 10-0
259 3-97 + 0-0
2-t-Butyl- 4 17'' 0-04 4-17 260 224;: 265; 310 + 320 4-61;; 3-42; 3-35 + 3-24 0 10-0
260 3-92 + 0-0
2-t-ButyI-4-mcthyl- 3 87 '' 0-02 2-50 240 225 ; 259; 308 + 318 4-65;; 3-50; 3-43 + 3-38 0 8-0
236; 270; 320 4-56;: 3-46; 3-39 + 0-0
2-TrifluoromcthyI- » - 2  23 0-05 4-60 230 228;; 280 +  316 4-58;: 3-94 +  3-71 0 8-0
242;: 286; 334 4-51; 3-30; 3-23 + — 4-0
2-Dichloromethyl- ' -0 -8 7 0-06 4-28 245 232;; 267; 306 + 320 4-66;; 3-52; 3-34 + 3-25 0 5-0
243;: 278; 318 + 330 4-56; 3-52; 3-34 + 3-31 + - 3 - 0
2-Chloromcthyl- 1-81 '' 0-05 7-94 270 230;; 270; 308 + 318 4-63;; 3-40; 3-33 + 3-27 0 6-0
209;: 270; 344 4-16; 3-87; 2-27 + - 1-0
4-Mcthyl 2-trifluoro- -1 -7 5 0-03 2-18 240 228;; 280; 300 + 315 4-64;; 3-40; 3-39 + 3-31 0 6-0
m cthyl ' 242; 282; 330 4-58; 3-41; 3-37 + -3 - 0
2-Dichloromethyl-4- +  0-11 0-05 4-36 245 231;; 264; 316 4-38;: 3-30; 3-10 0 7-0
mcthyl- 244;: 278; 330 4-32; 3-21; 3-27 + - 2-0
2-ChIoro- 0 -1 -6 0 0-07 2-36 240 231;: 274; 316 + 320'' 4-61; 3-37; 3-33 + 3-28 0 5-7
2-Chloro-4-mclhyl- ' -0 -7 5 0-05 4-04 243 231;; 270; 314 4-67;: 3-40; 3-45 0 5-0
241 ; 289 ; 340 4-49 ; 3-70; 3-30 + - 2-0
2-Mcthoxy- 1-60'' 0-02 3-91 240 222 : 235; 265; 326 + 336* 4-51;; 4-38; 3-51; S1-46 +  3-38 0 6-0
216-5; 238 ; 293; 337 4-30;: 4-44; 3-81; 31-41 + - 1-1
2-Metlioxy-4-m cth y I- 2-32 0-04 6-23 240 223 +  226 +  234 ; 255; 4-45 +  4-51 +  4-37]; 3-51; 0 6-0
322 +  334 3-48 +  3-,33
218 +  237;; 290; 330 4-31 +  4-39 ; 3-66; 3-31 + 0-0
2-McthyIthio- * (for 1-60 0-03 2-50 256 257 ; 342 4-38;; 3-43 0 7-0
comparison) 249;: 269; 321; 357 4-17;: 4-25; 3-32; 31-38 + 0-4
4-MethyI-2-mcthyl- 1-85 0-05 5-21 255 208 ; 257; 338 4-43;: 4-48; 3-45 0 6-0
thio- 237;: 249 +  268; 319; 353 4-09;; 4-22 +  4-35; 3-42; 3-67 + - 1-0
“ Determined s])cctrophotometrically except where otherwise indicated. ® Analytical wavelength. '  Inflexions in italics.
These compounds all exhibit some covalent hydration. * determined by stopped-flow rapid reaction tech­
nique. f p7v\ determined potentiometrically. '  pH  values below 0 were obtained in solutions of sulphuric acid to  which 
H am m ett’s acidity functions have been assigned (M. A. Paul and F. A. Long, Chem. Rev., 1957, 57, 1). U ltraviolet spectra from 
W. L. F. Armarego, J . Chem. Soc., 1962, 561. ‘ A. Albert and G. B. Barlin, J . Chem. Soc., 1962, 3129.
T able 3
/q.j V alues in seconds (from  firs t-o rd er ra tes) of 2 -su b s titu te d  qu inazo lines a t  v a rio u s p H  values 
Quinazoline 2-0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 10 0
Amino-   1 6 13 7 46 8 72 6 75 0 72 8 40 3 8 1 2 7
Mcthylamino- ........................  1-0 9 6 — — 42 5 41 3 29 3 — 5 6
D im ethylam ino-*   2 1 10 0 —  — — — — — —
M ethylthio- .............................  — 0 5 —  — 1 4 8 7 31 6 1 8 0 5
Methoxy- .................................  — 0 6 —  —  2 2 7 5 30 5 2 0 0 7
Monochloromethyl- ................ — 1 2 —  — 1 2 12 5 17 7 11 8 1 4
* Change in optical density too small to calculate reliable (g.g values except a t pH  shown.
110 
0 4
(b) Aminoquinazolines. The spectra of 2-amino-, 
methylamino-, and dimethylamino-quinazolines show 
that the long-wavelength band in the neutral species is 
also present in the cations, and from a comparison of 
their extinction coefficients with those of Üie corre­
sponding 4-methyl compounds it appears that relatively 
little hydration is present in the cations. By using the 
stopped-flow rapid reaction method, the kinetics of the 
unstable hydrated neutral species were observed. From
the changes in optical density observed it was calculated 
that the least amount of hydration in 2-amino-, 2-methyl- 
amino-, and 2-dimethylamino-quinazoline cations was 
22, 5, and 3%, respectively. Unstable hydrated
species were not observed in the corresponding 4-methyl 
derivatives when using the same method. This study 
was made at several wavelengths and pH values. The 
pH-rate (first-order kinetics) profile for 2-aminoquin- 
azoline (Figure 1) is typical of molecules that undergo
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reversible covalent hydration.® The other compounds 
measured are given in Table 3 with the rates expressed 
as half lives.
Although the half life of the unstable neutral species 
was too short in the appropriate pH range for the ionis­
ation constant of the hydrated species to be determined 
reliably, that of the anhydrous species was measured 
accurately for all three 2-aminoquinazolines. This was 
possible in these examples because the high basic 
strength of the anhydrous species permitted the kinetic 
measurements to be carried out in a pH region where 
they were slow enough to give reliable optical densities 
at zero time (see ref. 5 and 6). The closeness of the 
pAV*^ - values and pAV”^ '*^ ' values (for these terms see 
ref. 5) shows that the amount of hydration in the cations 
of 2-amino-, methylamino-, and dimethylamino-quin­
azolines is not more than 30%.
O O
- 1-0
-2  0 /
6
pH
lO
pH -R ate profile for 2-aminoquinazolinc
The increase in basic strength from 2-amino-4-methyl- 
to 2-dimethylamino-4-methyl-quinazolines is larger than 
the increase in pAa®^ - values from 2-amino- to 2-di­
methylamino-quinazoline, and can be attributed to a 
decrease in hydration between the latter two, thus 
making the contribution of the more weakly basic 
anhydrous species to the pAa®Q- values larger. This is 
more prominent in the 2-aminopteridines, which are 
considerably more hydrated than 2-aminoquinazolines 
(cf. 2-amino-, 2-methylamino-, and 2-dimethylamino- 
pteridine have pAa®^ - values 4 29, 3 62, and 3 03 
respectively).® This is in agreement with the larger 
increase in the -\-M effect over the decrease in —7 effect 
in the series -NHg, -NHMe, -NMe^.
(c) 2-Methoxy- and 2-methylthio-qmnazoHne. The 
pH-rate profile for these two compounds is consistent 
with hydration (see Table 3), and no unstable neutral 
species was observed in the 4-methyl derivatives when 
the measurements were made at various pH values and 
wavelengths. While an accurate determination of the 
amount of hydration was not possible (because the 
kinetics were too fast at the required pH values) a
comparison of the ionisation constants with those of the 
corresponding 4-methyl derivatives indicated that 
2-methoxyquinazoline cation was hydrated to about the 
same degree as 2-aminoquinazoline cation, whereas 
2-methylthioquinazohne cation was slightly more 
hydrated. This is in agreement with ratios obtained 
from a comparison of the intensities of the long-wave­
length bands, and with the larger —I  and -f M effects 
of the -OMe over the -SMe group.
The above results extend knowledge of the mechanism 
of hydration. It is generally agreed (cf. ref. 5) that the 
first step is a nucleophijic attack by OH" or HgO on the 
4-position, but it now appears that the addition (and 
retention) of a proton on N-3 (or N-1) makes a significant 
contribution to the result.
Materials.—2-Methylamino-, 2-dimethylamino-, and 
2-methylthio-quinazoline’ were prepared by replace­
ment of the labile chlorine of 2-chloroquinazoline ’ by 
the appropriate nucleophile. The reaction with tri- 
methylamine gave a high yield of 2-dimethyl- 
aminoquinazoline presumably with loss of chloro- 
methane. 2-Hydroxy-4-methylquinazohne was prepared 
by reaction of o-ethoxycarbonylaminoacetophenone, 
prepared from o-aminoacetophenone and ethylchloro- 
formate, with alcoholic ammonia in a sealed tube. 
Fusion of o-aminoacetophenone with urea gave a charred 
mass. 2-Chloro-4-methyl-, and from this, 2-amino-, 
methylamino-, dimethylamino-, methoxy-, and methyl- 
thio-4-methyl-quinazoline were then prepared as for the 
2-substituted quinazolines.
Attempts to convert o-aminobenzaldehyde to the 
corresponding acylamino derivatives with n-propionic, 
isobutyric, or pivalic anhydrides at 20° yielded chiefly 
a high melting material which, by infrared spectral com­
parison with an authentic sample,* proved to be 
“ trimerised ” o-aminobenzaldehyde. Traces of acid in 
the anhydride must have catalysed the trimérisation 
reaction in preference to acylation. Acylation was 
therefore carried out with the acid chlorides in the 
presence of pyridine. With acetic and trifluoroacetic 
anhydrides the acylation reaction was predominant, 
2-Alkyl-, 2-trifluoromethyl-, 2-dichloromethyl-, and 2- 
monohloromethylquinazoline were prepared from the 
corresponding o-acylaminobenzaldehydes by reaction 
with saturated alcoholic ammonia at 20°. In each case 
the reaction was complete within 12 hr. Previously, 
heating in sealed tubes at high temperatures for long 
periods has been used.® In the ring closure of o-acyl­
aminoacetophenones with alcoholic ammonia, it was 
observed that if the acyl group was trifluoromethyl or 
dichloromethyl, ring closure was complete within 12 hr. 
at 20°. o-Formylaminoacetophenone required 18 hr. 
for this ring closure, and when the acylamino group 
was acetamido or trimethylacetamido, the reaction was 
complete only after four to five days. The course of
* Kindly supplied by Mr. H. Yamamoto.
’ A. Albert and G. B. Barlin, J . Chem. Soc., 1962, 3129.
* J. Siegel and B. E. Christiansen, J . Amer. Chem. Soc., 1951, 
73, 5777.
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this reaction was followed by periodic sampling and 
examination of the ultraviolet spectra and chrom­
atography. I t  can be concluded that an electron- 
withdrawing substituent on the acyl group enhances 
ring closure, whereas an electron-releasing substituent 
retards it. Although o-monochloroacetamidobenz- 
aldehyde gave a 46% yield of 2-chloromethylquinazohne, 
o-monochloroacetamidoacetophenone, under a variety of 
conditions, failed to yield the required quinazoline. An 
almost quantitative yield of ammonium chloride was 
obtained, and as this indicated replacement of the 
labile chlorine, the investigation^was carried no further.
EXPERIMENTAL
Io n isa tio n  m easu rem en ts  w ere m ad e  as described  in  
A. A lb e rt an d  E . P . S e rjean t, "  Io n iza tio n  C o n stan ts  of 
A cids an d  B ases.” M ethuen , 1962. M icroanalyses w ere b y
c o n ta in in g  p y rid in e  (2 ml.) an d  cooled to  5° w as ad d ed  a  
so lu tion  of th e  a p p ro p ria te  acid  ch loride  (1-2 equiv.) (or 
acid  a n h y d rid e  w hen  th e  su b s titu e n t w as m e th y l o r t r i ­
fluorom ethyl) in  benzene (5 m l.), an d  th e  m ix tu re  w as k e p t 
a t  20° fo r 15 m in. T h e  so lu tion  w as e x tra c te d  w ith  w a te r  
(3 X 20 m l.), th e  benzene lay e r d ried  (N a^SO J, an d  
ev ap o ra ted . T h e  residue in  benzene w as p assed  th ro u g h  
a n  a lu m in a  colum n, th e  e lu a tes  ev ap o ra ted , an d  th e  
residue  c ry sta llised  from  lig h t p e tro leu m  (b. p. 6 0 —80°) if 
solid, o r f rac tio n a lly  d istilled  if liqu id , to  y ield  th e  a p ­
p ro p ria te  acy l deriv a tiv es. T h e  acy l d e riv a tiv e  (O-OI mole) 
in  sa tu ra te d  e th ano lic  am m o n ia  (10 m l.) w as k e p t a t .  20° 
fo r 12 h r. o r longer (cf. M ateria ls, above) an d  ev ap o ra ted . 
T he residue, dissolved in  benzene, w as passed  th ro u g h  an  
a lu m in a  colum n an d  th e  e lu a tes  ev ap o ra ted . T h e  residue 
w as c ry sta llised  from  lig h t p e tro leu m  (b. p . 60— 80°) if 
solid, o r d is tilled  if  liqu id , to  give th e  req u ired  2-alky l 
su b s ti tu te d  quinazolines.
T a b le  4
Yield = Found (%) Requires (%)
Compound M. p. or b. p. (%) C H  N Form ula C H  N
0-Aminobenzaldéhyde ;
AT-Trifluoroacetyl- ......................... 69° 55 49 8 2-8 6 5 CgHgFgNO^ 49-8 2 8 6 5
A-n-Propionyl- .............................  46 66 67-5 6-0 8-1 CioHuNOg 67 8 6 2 7-9
A -Iso b u ty ry l-.................................  118/0-35 mm. 60 68 8 6-7 7-2 CnHjaNOj 69-1 6-9 7-3
A-Trim ethylacetyl-   98/0-5 mm. 60 70-3 7-3 7-0 CiaHjgNO* 70-2 7-4 6-8
AT-Monochloroacetyl-....................  107 61 54-9 4-1 7-2 CgHgClNOj 64-7 4-1 7-1
A-Dichloroacetyl-   72 31 46-6 3-0 6-0 CgH^ClgNOg 46-6 3-0 6-0
N -T richloroacetyl-  78 89 41-2 2-3 5-4 CgHgClgNOz 41-5 2-3 5-3
o-Aminoacetophcnone :
N-Trim ethylacetyl-   75 50 71-3 7-9 6-4 CigH^NOg 71-2 7-8 6-4
A-Trifluoroacetyl- ......................... 115 70 51-9 3-5 6-0 CioHgFjNOj 52-0 3-5 6-1
AT-Monochloroacetyl-  81 77 57-1 4-6 6-9 CigHigClNOg 56-7 4-7 6-6
JV-Dichloroacetyl- ......................... 96 60 48-7 3-7 5-8 CigHgClgNOg 48-8 3-7 5-7
A-Ethoxycarbonyl- ....................  90 75 63-9 6-2 6-7 C^HigNOg 63-8 6-3 6-8
Quinazoline:
2-Ethyl   77/0-9 mm.» 90 75-5 6-2 17-9 CjoHigNj 75-9 6-4 17-7
2-lsopropyl-   95/0-5 mm. '  85 77-0 7-1 16-2 CuHijNg 76-7 7-0 16-3
2-t-Butyl-   74/0-3 mm. 70 77-7 7-8 14-7 CuHi.Ng 77-4 7-6 15-0
2-Trifluorom cthyl-.......................... f 72/0-2 mm. 80 54-4 2-5 14-3 C9H 5F 3N2 54-5 2-5 14-2
I 63
2-Monochloromethyl-....................  93 46 60-4 3-9 15-7 CgH^ClNj 60-5 3-9 15-7
2-Dichloromethyl- ......................... 132 63 50-6 2-9 13-0 CgHgCljN^ 50-7 2-8 13-1
2-Methylamino-   92 52 68-0 5-8 26-3 C9H 9N3 67-9 5-7 26-4
2-Dimethylamino-   86 67 69-6 6-3 24-1 CmHuNj 69-4 6-4 24-3
2-Hydroxy-4-methyl- ................  230 75 66-4" 5-0 17-1 CgHgNjO 67-5 5-0 17-5
2-Chloro-4-methyl-......................... 112 48 60-6 3-9 15-7 CgH.ClNg 60-5 3-9 15-7
2-M ethoxy-4-m ethyl-  116/TO mm. 30 68-8 5-8 15-9 CigHigNgO 69-0 5-8 16-1
4-M ethyl-2-m ethylthio-................  71 20 63-3 5-1 14-7 CioHioNgS 63-2 5-3 14-7
2-Am ino-4-methyl-......................... 155 80 67-5 5-7 26-2 C,HgNg 67-8 5-7 26-4
4-M ethyl-2-m ethylam ino-  103 70 69-0 6-5 24-5 CioHnNj 69-3 6-4 24-3
2-Dim ethylam ino-4-m ethyl-  124/TO mm. 80 70-2 7-2 22-8 CnHigNg 70-5 7-0 22-4
2-t-B utyl-4-m ethyl  118/1-0 mm. 50 77-6 8-1 14-3 CisHjgNg 78-0 8-1 14-0
4-Methyl-2-trifluoromethyl- .......  50 87 56-5 3-4 13-0 CioH^FgNj 56-6 3-3 13-2
2-Dichlorom ethyl-4-methyI-  141 65 52-7 3-6 12-1 CigHgClgNg 52-9 3-5 12-3
“ Yields quoted are of analytically pure material. » A. Bischler and M. Lang, Ber., 1895, 28, 279, gave b. p. 247— 249°/722 mm. 
* A. Bischler and M. Lang, ref. b, gave b. p. 253— 255°/722 mm. " Low carbon due to  difficulties in combustion.
D r. J .  E . F ildes an d  h e r  staff. E v ap o ra tio n s  w ere carried  
o u t in  a  ro ta ry  ev ap o ra to r a t  50°/15 m m ., an d  th e  a lu m in a  
used for c h ro m a to g rap h y  w as F lu k a  grade  507c n e u tra l. 
2-A m ino- * an d  2-m ethoxy- qu inazo lines w ere p rep ared  
as in  th e  references c ited .
A nalyses, y ields, a n d  p hysical p ro p e rtie s  of com pounds 
a re  in  T ab le  4.
2-A lkylqu inazo lines .— T o o-am inobenzaldehyde  o r 0- 
am in o ace tophenone  (0-01 mole) in  benzene (10 ml.)
2-M ethylam ino- and 2-D im ethylam ino-quinazolines .—
2-C hloroquinazoline (0-4 g.) an d  th e  a p p ro p ria te  e th ano lic  
am ine  so lu tio n  (10 m l., 30% ) w as h e a ted  a t  130° fo r 6 h r. 
in  a  sealed  tu b e . T h e  so lv en t w as ev ap o ra ted , th e  residue
» H. J. Rodda, J . Chem. Soc., 1956, 3508.
M. T. Bogert and C. E. May, J . Amer. Chem. Soc., 1909, 31,
507.
"  L. 1. Smith and J. W. Opie, Org. Synth., 1955, Coll. Vol. 3, 56. 
"  G. A. Reynolds and C. R. Hauser, Org. Synth., 1950, 30, 70.
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w as passed  th ro u g h  an  a lum ina  colum n as before, sub lim ed  
a t  90°/0-5 m m ., and  recrysta llised  from  lig h t p e tro leu m  
(b. p . 60— 80°).
2-Hydro,ry-4:-meihylquinazoline.— E th y l ch loroform ate
(5-4 g., 0-5 mol.) w as ad d ed  cau tiously , w ith  s tirrin g , to  
o -am inoacetophenone (4-45 g., 0-3 m ol.). W hen  a  h eav y  
p re c ip ita te  h ad  form ed (—10 m in.), a  so lu tion  of sodium  
h yd ro x id e  (2 g., 0-5 mol.) in  w a te r (10 ml.) w as added , a n d  
th e  m ix tu re  s tirred  for 1 h r. I t  w as ex trac ted  w ith  chloro­
form  (3 X 10 m l.); th e  e x tra c t w as dried , ev ap o ra ted , and  
th e  residue crystallised  from  lig h t petro leum  (b. p. 60— 80°) 
an d  sublim ed a t  85°/0-5 m m . to  give o-ethoxycarhonylamino- 
aceiophenone. T h is (7-0 g.) w as h ea ted  w ith  e thano lic  
am m onia  (10 ml.) in  a  sealed tu b e  a t  110° for 6 h r., 
evap o ra ted , and  th e  residue dissolved in  a  large  vo lum e of 
boiling  e th an o l; decolorisation  w ith  charcoal, filtra tio n , 
a n d  d ilu tion  of th e  f iltra te  w ith  lig h t petro leum  (b. p. 40—  
60°) gave 2-hydroxy-é-methylquinazoline.
2-Chloro-4:-meihylquinazoline.— 2 -H y d ro x y -4 -m eth y lq u in - 
azoline (3 g.) w as refluxed w ith  phosphorus pen tach lo rid e  
(3-5 g., 1 equiv.) an d  phosphory l chloride (10 ml.) u n til  a ll 
th e  solid  h a d  dissolved, th e n  for a  fu r th e r  10 m in . E xcess 
p h osphory l chloride w as ev ap o ra ted , an d  th e  residue  in  
chloroform  (20 ml.) w as w ashed w ith  s a tu ra te d  aqueous 
sodium  hydrogen  carb o n a te  u n til th e  w ashings w ere 
a lkaline . T he dried  (Na^SO^) chloroform  lay e r w as 
ev ap o ra ted , an d  th e  residue passed  th ro u g h  an  a lu m in a  
colum n as before, sublim ed a t  100°/0-5 m m ., an d  rec ry s ta ll­
ised from  lig h t pe tro leu m  (b. p . 60— 80°) to  give 2-chloro- 
4-methylquinazoline.
2-M ethoxy-4:-methylquinazoline .— T o a  so lu tion  of sodium  
(0-1 g.) in  m e th a n o l (7 ml.) w as ad d ed  2-ch lo ro -4 -m ethy l- 
qu inazo line  (0-5 g.) ; th e  m ix tu re  w as h e a ted  g en tly  for 
10 m in., th e n  k e p t ov ern ig h t a t  20°. T he  sodium  chloride 
w as filtered  off, th e  f iltra te  ev ap o ra ted , an d  th e  residual
oil w as passed th ro u g h  an  a lu m in a  colum n as before, 
and  frac tio n a lly  d istilled  to  give 2-meihoxy-4:-inethylquin- 
azoline.
4 -M  ethyl-2-methyUhioquinazoline. —  2-C hloro-4-m ethyl- 
qu inazo line  (0-5 g., 0-4 m ol.), th io u re a  (0-5 g., 0-6 m ol.), and  
m eth an o l (10 m l.) w ere h e a ted  u n d e r reflux for 1 h r., th e  
so lven t ev ap o ra ted , an d  th e  residue w as h e a ted  a t  100° for 
1 h r. in 2-5N-sodium hyd ro x id e  (10 m l.). T h is so lu tion  w as 
acidified w ith  acetic  acid, an d  th e  crude 2-m ercapto- 
4 -m ethy lqu inazo line  w hich  p rec ip ita ted  w as filtered  off, 
w ashed  free from  acid, dissolved in  N-sodium  h y d rox ide  
(20 m l.), shak en  w ith  m eth y l iodide (I ml.) fo r 30 m in., and  
e x tra c te d  w ith  chloroform  (3 x  20 m l.) ; th e  chloroform  
lay e r w as d ried  (N a^SO J and  evap o ra ted . T h e  residue 
w as passed  th ro u g h  an  a lu m in a  colum n as before, an d  
à-meihyl-2-meihyUhioquinazoline  sub lim ed  a t  65°/0-5 m m . 
and  recrysta llised  from  lig h t p e tro leu m  (b. p . 60— 80°).
2-A m ino-, 2-M ethylam ino-, and 2-Dimethylamino-A-methyl- 
quinazoline.— 2-C hloro-4-m ethylquinazoline (0-25 g.) w ith  a 
sa tu ra te d  e thano lic  so lu tion  of am m onia, m ethy lam ine, or 
d im eth y lam in e  w as h e a ted  a t  130° fo r 6 h r. as described 
above  for 2-am inoquinazoline, giv ing 2-amino- and  2-methyl- 
am ino-\-m ethylquinazoline, w hich w ere sub lim ed  a t  150 
an d  100° (both  a t  0-5 m m .), respectively , an d  recrysta llised  
from  b en zen e-lig h t pe tro leu m  (b. p. 40— 60°), an d  2-di- 
methylamino-4i-metkylquinazoline, w hich  w as d istilled .
W e th a n k  P rofessor A drien A lbert, D r. D . D . P e rrin , and  
D r. E . Sp inner for m o st he lp fu l discussions an d  tlie  
A u stra lian  N a tio n a l U n iv e rsity  for a  Scholarship  (to 
J .  I .  C. S.).
D e p a r t m e n t  o f  M e d i c a l  C h e m i s t r y  
I n s t i t u t e  o f  A d v a n c e d  S t u d i e s ,
A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y ,
C a n b e r r a , A.C.T., A u s t r a l i a .
[5/856 Received, August 9th, 1965]
(Reprinted from Nature, Vol. 183, pp. 1176-1177, April 25, 1959)
METAL-CHELATING PROPERTIES OF 
PLANT-GROW TH SUBSTANCES
TH N suggestion that plant-growth substances act by virtue of their ability to chelate metal ions 
has received some support from work reported 
recently by Cohen et alA on the formation of copper 
complexes by indoleacetic acid and naphthalene-%- 
acetic acid. We wish to report experiments, prompted 
by their commimication, which can be taken to  
contradict this general hypothesis and disagree in 
detail w ith some of the results quoted. We have 
formed and measured the stability constants of 
copper complexes of phenoxyacetic acids which have 
a wide range of growth activity. On the suggested 
hypothesis the copper complexes should show a 
similar wide range of stability constants, but we have 
found them to be indistinguishable.
The cop]ier complexes of the following acids have 
been studied : 2 : 4-dimethylphenoxyacetic acid,
4-chloro-2-methyl phenoxyacetic acid and 2 : 4- 
dichlorophenoxyacetic acid, and the analyses of the 
complexes are shown in Table 1. We have also made 
measiu’ements of the copper complex of naphthalene- 
a-acetic acid for comparison w ith earlier work. 
Attem pts to obtain evidence of the formation of 
copper complexes in this series w ith an acid/copper 
ratio o f 1:1 failed. . The complexes isolated under 
various conditions were shown to be hydrates of the 
( 2 : 1 :  acid : copper) compounds. After dehydration 
at 140° C. and 0-1 mm., the anhydrous salts were 
quite stable and did not absorb moisture from the 
air even after standing for a week. The optical 
densities of 50 per cent ethanolic solutions containing 
increasing ratios of acid/copper were determined at 
wave-lengths where the copper complex absorbs 
relatively more than the free acids. Plots of optical 
density against the ratio of acid/copper showed only  
one break in the curve, at an acid/copper ratio of 
a]/proximately 2.
\Wiether or not the materials described above are 
true complexes in which the organic component is 
doubly bound to  the metal m ay be questioned. The 
alternative woidd be to  regard them as simple copper 
salts. In view of the stability o f the anhydrous 
materials, the formidation as salts would only be 
valid if the copper had a co-ordination number of 2. 
The usual co-ordination number of 4 would be con-
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sistent with complex formation, involving either one 
acid and one other oxygen atom as in I or the two 
acid oxygen atoms as in II. The latter structure 
has been established for the copper derivatives of 
fatty acids^, and we regard it as likely also to be 
correct in the phenoxyacetic acid series.
The stability constants of the copper complexes 
were determined by pH  titration measm-ements^ in 
50 per cent ethanol. The values in Table 2 w eie  
calculated from measuiements made in the absence 
of a strong acid, following what was apparently done 
by Cohen et al.^. The pKc' values differ very little 
and the copper complex of the acid with the least 
gi'owth activity is the most stable. Oiu* value for 
the p K a  of naphthalene-a-acetic acid (5 76) differs 
from theirs (4-6), so that the calcidated p K c  which 
critically depends on the determined p K a  is also 
different from their value of 5 4. In so far as our
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Table 2
Copper complex
Stability constants of 
copper complexes based 
on measurements in the 
absence of a strong acid
Naphthalene acetic acid 
2 : 4-Dimethylphenoxyacetic acid 
2-Methyl-4-chlorophenoxyaceticacid 
2 : 4-Dichlorophenoxyacetic acid
pKa pK i pKz pKc 
5-76 5 1 4 5 9-6 
4 54 4-0 4*2 8 8 
4*36 4 3 4*0 8 3 
4 20 4 3 3 8 8 1
pKa is the equilibrium constaut of the acid ; temperature, 21® C. 
(pKi  and pKi) == pKc, the chelate stability constant of the reaction : 
2A~ -f C11++ (A)ïCu ; all determinations made in 50 per cent ethanol.
Table 3
Copper complex
Stability constants of 
copper complexes based 
on measurements made 
in the presence of 
10~* M  nitric acid
Growth 
activity of 
acid (dose 
in pgm. 
needed to 
give 50 per 
cent leaf 
repression)
Naphthalene-a-acetic
acid
2 : 4-Dimethylphenoxy- 
acetic acid 
2-Methyl-4-chlorophen- 
oxyacetic acid 
2 : 4-Dichlorophenoxy­
acetic acid
pEa pK i pK t pKc 
5 "75* 5 2* 4 5* 9-7*
4-53 4-6 3 9 8 5
4 "39 4-4 3 8 8*2
4-19 4 3 4 2 8-5
0"2±0"1 
28±2 
0"15±0'02 
0-04 ±0-005
* Identical values obtained in independent experiments ; tem­
perature, 25° C. ; all measurements in 50 per cent ethanol.
value is higher, it indicates a slightly gi*eater stability  
for the complex. The presence of a strong acid, 
however, is theoretically important to the method of  
pH  titration^ and Table 3 lists the constants determ­
ined in 50 per cent ethanol in the presence o f a 
strong acid ( 10"® M  nitric acid). It will be seen that the 
stability constants o f the five copper complexes differ 
by insignificant amounts ; indeed, the second figiue 
is scarcely reliable, considering the assumptions made 
in calculating the p K c .  Similar disagreement with  
the recoi'ded p K c  for indoleacetic acid — copper com ­
plex has been reported recently by Recaldin and 
Heath®, although it is not clear what conditions were 
used for their measurement.
Parallel w ith the measirrements o f  the stability o f  
the copper complexes, we have made quantitative  
estim ates o f the gi’owth-regulating activ ity  o f each 
of these gi'owth substances by the method of Brown 
and Weintraub®. In the last column of Table 3 are 
listed the quantities o f each acid required to depress 
the growth of the first trifoliate leaf o f a Phaseolus  
seedling by 50 per cent. The percentage repression 
in this test is linearly related to the logarithm o f the
dose, and the figures for 50 per cent repression are 
inversely related to  the gi'owth activity. It will be 
seen that 2 ; 4-chlorophenoxyacetic acid is almost 
a thousand fold more active than dim ethylphenoxy- 
acetic acid, though its ability to  bind copper is not 
measurably different.
We therefore suggest that in spite o f some evidence 
in the literature for a relation between metal- 
complex ing capacity and plant-growth activity, the 
properties by which certain molecules are specifically 
able to  act as growth regulators still remain a mystery.
Oiu’ thanks are due to  the directors o f Inqierial 
Chemical Industries o f Australia and New Zealand 
for permission to  publish this communication, and to 
Mr. D. Fieldhouse, Mrs. M. Markus and Mrs. V. 
Zangari for technical assistance.
W. L. F. A iimaueco 
M. J. C a n n y
S. F. Cox 
Central Research Laboratories,
Imperial Chemical Industries of Australia 
and New Zealand, Ltd., Melbourne.
‘Cohen, D., Ginzburg, B.-Z., and Heitner-Wirguin, C., Nature, 181. 
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® Martin, R. L., and Whiteley, A., J. Chem. Soc., 1394 (1958).
 ^Calvin, M .,and Melchior, N. C.,J.  Aiuer. Chem. Soc., 70, 3270 (1948). 
‘ Martell, A. E., and Calvin, M., “Chemistry of the Metal Chelnte 
Compounds” , 70 (Prentice Hall, inc., N .J., 1956).
 ^Recaldin, D. A., and Heath, O. \ . S., NaUire, 182, 539 (1958).
® Brown, J. W., and Weintraub, II. L., Bat. Gaz., I l l ,  448 (1950).
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T h e  ratios of hydrated to anhydrous species in quin­
azoline cations were estimated from the intensities of 
the long wavelength bands in the ultraviolet spectra 
and were in agreement with more accurate ratios ob­
tained recently from ionisation measurements.^ We 
have now measured the ratio of hydrated to anhydrous 
in the neutral species of twenty-eight quinazolines and 
compared these values with those available for the 
respective cations. We found that, although the ratios 
of hydrated to anhydrous neutral species were small 
(~10“^ ), the relative ratios of the various derivatives 
agreed with those observed in the respective cations. 
The results suggest that the factors influencing the
‘ P a rt V II I ,  W . L. F . Arm arego and  J . I. C. Sm ith, J .  Chem. 
Soc. (C). 1966, 234.
* W. L. F . Armarego, J .  Chem. Soc., 1962, 661.
f
Quinazolines. Part IX.  ^ Covalent Hydration in th e  Neutral Species of 
S ubstitu ted  Quinazolines
By W . L. F. A rm arego  and J. I. C. S m ith , Departm ent of Medical C hecJstry, Jo h n  Curtin School of Medical 
R esearch, The Australian National University, Canberra, A.C.T., Australia
The ratios of hydrated to  anhydrous neutral species of tw enty-eigh t quinazolines are found to be in the range 
10-2—10~®. The effects of substituents on this ratio in the  neutral species are show n to be com parable to those 
observed in the respective cations, and suggest th a t the factors influencing the  am ount of hydration in these  tw o 
species are similar. The ionisation constan ts of the hydrated species of thirty-tw o quinazolines have been m easured 
and the effects of substituents on these  constants are discussed.
relative amounts of hydration in the neutral species 
were similar to those in the cations, although the latter 
were considerably more hydrated. In order to obtain 
the above ratios the ionisation constants of the hydrated 
species of thirty-two quinazohnes were measured and 
their values were consistent! with the electronic and 
steric effects of the substituents.
The piCabyd values were measured essentially as before® 
except that a complete spectrum mainly due to the 
unstable hydrated species was measured by the stopped- 
flow technique at several wavelengths (in a rapid re­
action apparatus) in order to obtain a satisfactory
• T. J .  B atte rham , A. C. K . T riffitt, and J . A. W underlich, 
J .  Chem. Soc. (B), in  th e  press.
* J .  W . B unting  and  D. D. Perrin , J .  Chem. Soc. ,B), 1966, 
436.
» W . L. F . Armarego. J .  Chem. Soc., 1962, 4094.
450 J. Chem. Soc. (B), 1967
analytical wavelength. The piCa^ yd values are in Table 
1 together with the values for quinazoline and 5-, 6-, 7-, 
and 8-nitroquinazoline ® which are included for com­
parison. The hydrated neutral species will be considered 
as 3,4-water adducts (I) by analogy with 3,4-dihydro- 
quinazohnes.® The OH group of the water molecule
noticeable base strengthening effect, ca. 0-6—0-7 pH 
units, because they are conjugated with the basic centre. 
In 2,4,6-trimethylquinazoHne the 2-, 4-, and 5-methyl 
groups have an additive base-strengthening effect 
although the contribution from the 6-methyl group must 
be small (see below). The carbamoyl group in 4-carbam-
T a b l e  1
Io n isa tio n  a n d  h y d ra tio n  of q u in azo lin e s  ( H ,0 ;  20°, io n ic  s tre n g th  0 01)
Spread Cone. X A nalyt • Spread Cone.
Quinazoline p/faequii (± )  (10*m) (m(i) ' p/i'ahyd. ( ± )  (IO^m)
U nsubstitu ted»  ............  3 61 0 05 —  —  7-77 0-05 —
2 -M e...................................  4-52 0 02 —  —  8-31 0-06 3-2
2-E t ................................... 4-61 0-03 —  —  8-41 0-06 6-0
2-Pr>...................................  4 -2 9 ' 0 03 —  —  8-41 0-04 5-0
2-But   4 -1 7 ' 0-04 —  —  8-38 0-03 1-0
2.4.6-Me3 .......................... 4 -7 6 ' 0-06 —  —  9-22 0-05 1-0
4-CO;-NH .+ ................. 3-40 0-05 0-65 320 7-82 0-06 3-4
4 -C O N H ,.......................... 3-40 0-02 —  —  6-88 0-04 6-9
4-CONH,-2-Me ............  4-40 0 03 0-28 260 7-67 0 03 6-9
4-CONH,-2,6-Me, ........ 4-20 0-06 0-29 270 7-77 0-04 6-0
4-CONH,-2-M e-6-F ... 4-21 0 03 0-28 260 7-13 0-05 6-0
6-M e ................................... 3-63* 0-03 —  —  7-89 0-06 3-3
7-M e ...................................  3-17 ' 0 01 —  —  7-88 . 0-05 7-7
8-M e ................................... 3 -20 ' 0 06 —  —  7-86 0-06 1-6
2.6-Me , ..............................  4-41 0-03 0-8 326 8-65 0-03 3-25
6-MeO ..............................  3-41 ' 0-03 —  —  7-71 0-06 2-0
6-MeO ..............................  2-86 ' 0-04 —  —  8-06 0-07 1-0
7-MeO ..............................  2 -89 ' 0-02 —  —  7-35 0-04 3-2
8-MeO ..............................  3 6 1 ' 0-01 —  —  7-82 0-06 3-6
7-MeO-2-Me.....................  3-78 0 03 1-0 330 8-38 0-03 3-0
7-EtS ..............................  3-11 0-03 0-84 330 7-47 0-08 1-9
6-Cl ................................... 3 -76 ' 0-02 —  —  6-96 0-06 2-3
6-Cl ................................... 3 -66 ' 0-01 —  —  7-16 0-05 3-0
7-Cl ........................... . 3 -29 ' 0 03 —  —  7-00 0-05 3-0
8-Cl ................................... 3 -3 0 ' 0-04 —  —  6-65 0-05 3-0
6-F  ..................................  3-85 0-04 0-86 260 6-90 0-05 1-73
6-F  ................................... 3-42 0-02 0-9 260 7-23 0-03 3-26
7-F ................................... 3-10 0-02 0-9 260 7-11 0-05 3-0
6-F-2-Me .......................... _ _ _ _ _  8-06 0-06 4-0
6-CF,   3-20 0 02 0-18 260 6-90 0-05 1-6
6-CFj ..............................  3-96 0-02 0-20 260 6-76 0-06 1-3
7-CFj ..............................  3-90 0-02 0-16 260 6-86 0-06 1-6
8-CF3 ..............................  2-38 0-02 0-22 260 6-00 0-06 1-6
6-Nitro-*-»  . 3-76 0-01 —  —  6-43 0-06 —
6-N itro - '»  .....................  4-18 0-01 —  —  7-02 0-06 —
7-Nitro-'" '  .....................  4-05 0-01 —  —  6-16 0-05 —
8-Nitro-»-» .....................  4-00 0 03 —  —  6-00 0-06 —
■ Analytical wavelength. ‘ From  ref. 86. « Calculated using equation  (4). '  Values from ref. 10.
/  Calculated using equation (3), and the  p/^aanhyd. values from  ref. 4. '  Cf. ref. 6.
X A nalyt • 
(mp)
290
290
292 
290 
280 
297 
300 
296 
300 
306 
296 
290 
300
293 
300 
290 
276 
276 
276 
300 
282 
287 
287 ■ 
287 
296 
262 
276 
299 
280 
280 
280 
280
l<i X 10*
0-65 '
1-62' 
1-26' 
0-76' 
0-62' 
0-34 ' 
0-38 ' 
3-31' 
6-77 ' 
2-70'
12 - 0 '
0-62/
0-14''
0 -2 0 /
0 -4 5 /
0-06/
0 -02 /
0-48/
6-31 ' 
2-61 ' 
1-96* 
5-62 ' 
8-91'
1-65' 
0-98 '
2 -0 '  
16-20' 
1 1 - 2 '
2-40'
—  20-9'
—  14-6'
—  79-4'
—  10-0 '
'  Values from  ref. 2.
that has added is most certainly on C-4 and the H on a 
nitrogen atom, but it is not known whether the hydrogen 
atom has added to N-3 (I) or to N-1 (II). The adducts 
may even be tautomeric mixtures of the 1,4- and 3,4- 
isomers. The ultraviolet spectra of the hydrated neutral 
species examined resemble each other closely and also 
resemble the spectra of 3,4-dihydroquinazohnes. The 
hydrated cations are stabilised by amidinium resonance, 
hence 1,4- and 3,4-water adducts of quinazolines give 
the same cation (III). Because the nitrogen atoms are 
separated by one carbon atom and because the 1,4- 
and 3,4-water adducts give the same hydrated cation
(III), the electronic effects of substituents will affect 
the basic strengths of the 1,4- and 3,4-water adducts 
in a similar way.
As expected, alkyl groups in the 2-position have a
• W . L. F . Armarego, / .  CAem. Soc., 1961, 2697.
oylquinazohne (I ; R =  R" =  H, R ' =  CONHg) has a 
base weakening effect and is most probably acting by its
K' OH R' OH
R' OH
{—I) effect. I t is one carbon atom removed from the 
basic centre and causes a decrease of 0-89 pKg, units. 
The methyl group in (I; R =  Me, R ' =  CONHg,
HO c o r
R" =  H) has its normal base-strengthing effect, and 
the added effects of the methyl groups in positions 2 
and 6 cancel the effect of the 4-carbamoyl substitutent 
as in (I; R  =  R" =  Me, R' =  CONHg). The fluorine 
atom in position 6 as in (I; R  =  Me, R' =  CONHg, 
R" =  F) has a base-weakening effect (see also below). 
Under the conditions in which the ionisation constants, 
of the hydrated species of 4-carboxyquinazohne are 
measured, the compound exists as the carboxylate ion
(IV) and it is found that the carboxylate group has a 
very slight, if any (cf. errors in measurements), effect 
on the basic strength of hydrated quinazoline.
(IV)
Methyl and methoxy-groups in positions 5-, 6-, 7-, 
and 8- exert a slight base-strengthening effect (~0T6—
0-3 pH units), and the largest effect is observed in 
hydrated 6-methoxyquinazoline, most probably because 
the methoxy-group is para to the amidinium system. 
The 2-methyl group in hydrated 7-methoxy-2-methyl- 
quinazoline exerts its normal base-strengthening effect 
(see above). The 7-ethylthio-group,has a comparable 
effect to the 7-methoxy-group.
The 5-, 6-, 7-, and 8- chloro-, fluoro-, trifluoromethyl-, 
and nitro-3,4-dihydro-4-hydroxyquinazolines are all 
weaker bases than the parent, 3,4-dihydro-4-hydroxy- 
quinazoline (hydrated quinazoline) but the electronic 
effects of the substituents in the different positions of 
substitution cannot be correlated quite as readily as in 
the corresponding substituted anilines. Chloro-, tri­
fluoromethyl, and nitro-groups in position 8 exert the 
largest base-weakening effect, most probably for steric 
reasons because they are ortho in relation to N-1 which 
is involved in the protonation-deprotonation equili­
brium (compare with o-substituted anilines).
The effect of substituents on the ratio of hydrated to 
anhydrous neutral species iCj (Table 1) will be discussed 
now. For the equilibrium involving the protonation of 
hydrated and anhydrous neutral species the overall 
equilibrium constant (pÆaequn) is given by the relation­
ship expressed in equation (1).'^
pATaeqall = [H+]([X] +  [Y]) [HX+] -f [HY+] (1)
where [X] is the concentration of anhydrous neutral 
species, [Y] the concentration of hydrated neutral 
species, and [HX+] and [HY'*’] the concentrations of the 
respective cations. The ratio of hydrated to anhydrous 
neutral species is given by (2)
TT   K f f i y i  (TCa&nhyd —  iC a tq n Il)
^ K .  a*nhyd (jfCgeqoll —  K g_h jd)
where is the ionisation constant for the hydrated
’ A- Albert and W. L. F. Armarego, Ado. Heterocyclic Chem., 
4. 6; D, D. Perrin, ibid.. p. 59-
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species [i.e., [H+][Y]/[HY+]), 7C„»nhrd is the ionisation 
constant for the anhydrous species {i.e., [H+][X]/[HX+]), 
and iCaequii is obtained from (1). If pTCa^ rd — 
is larger than 2, as is the case in all the quinazolines 
studied then TCaequii — K^\xn ~  7Ca«q°" and
  T^ abrd   KphyA
 ^ 7Ca"l“" Tia'nhyd (3)
Relation (3) was used to calculate values for the 
quinazolines with methoxy- and methyl groups in the 
benzene ring. When the value pKpovm — p7Ca»nbrd is 
more than 1-6 then relation (4) also gives a reliable value 
of [a difference of 1 pTCa unit gives a value of 
calculated from (4) which is about 10% larger than 
calculated from (3)].
Equation (4) was used for 2-alkyl, 4-carbamoyl, 5-,
6-, 7-, and 8- chloro-, fluoro-, trifluoromethyl, and 
nitro-quinazolines in which the value of pTCa'ini — 
p7Ca»nhyd is either found to be larger, or is in all prob­
ability larger, than 1*5. The error in depends on the 
spread in the p/Ca measurements, and is usually less than 
± 10%.
The values of TCj for the 2-alkylquinazolines are now 
found to be in the order 2-methyl >  2-ethyl >  2-iso­
propyl >  2±-butyl indicating that the steric effect 
previously postulated  ^is most probably operating. The 
effect of the 4-methyl group in blocking hydration in 
quinazolines was previously shown to be mainly steric.® 
The present investigation shows that the cations of 
4-carbamoyl-, 4-carbamoyl-2-methyl-, 4-carbamoyl-
2,6-dimethyl-, 4-carbamoyl-6-fluoro-2-methyl-, and 
4-carboxy-quinazoline are (unlike the 4-methylquin- 
azoline cation) predominently hydrated (see Table 2). 
This hydration could be caused by the (—7) effect of 
the 4-substituent which decreases the electron density 
at C-4, and thus increases attack by nucleophiles at this 
position. The steric effect of the 4-substituent is, 
however, still operating in these examples and is demon­
strated by the slow rate at which the hydration process 
is effected in both the neutral species and cations. In 
order to obtain the spectra of the hydrated cations of the 
above 4-carbamoylquinazolines, the solutions of the 
anhydrous neutral species had to be kept in acid (pH
0-0) for 2—4 hr. for equilibration. The hydrated cation 
of quinazoline, on the other hand, requires less than 
1 -5 min. Estimation of the ratio for the 4-carbamoyl 
derivatives shows that they are much more hydrated 
than quinazoline. A methyl group in position 2 doubles 
the proportion of hydrated species whereas a 6-methyl 
group decreases hydration, and a 6-fluoro-group en­
hances it considerably. This relative order of hydr­
ation in the neutral species is very similar to the one 
found for the cations.®
• A. Albert, W. L. F. Armarego, and E, Spinner, J. Chem. 
Soc., 1961, (a) p- 2689; (6) p. 6267-
* J. W, Banting and D- D- Perrin, nnpabllahed resaltr.
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In 4-carboxyquinazoline (IV) is slightly less than 
that for quinazohne. Hydrogen bonding between the 
hydroxy-group and amide or carboxylate group should 
be possible with the formation of a five-membered cyclic 
structure (V). This would tend to stabilise the system
(V)
and increase the proportion of hydrated species at 
equilibrium. However, its contribution to hydration is 
much less than the electronic effect {—I) since it is 
found that the proportion, at equilibrium, of hydrated
C -N H
ratios of hydrated to anhydrous cations for 5-, 6-, 7-, 
and 8-chloro-, fluoro-, and trifluoromethyl-quinazolines 
but their ultraviolet spectra (see Table 2) are consistent 
with their being almost as (or more) hydrated than 
quinazoline. This is because ultraviolet spectra do not 
reveal ratios of hydrated to anhydrous cations larger than 
0 98 {i.e., 98% hydrated). In the chloro-series the ob­
served rates of formation of the equilibria involving 
hydrated and anhydrous cations are too rapid even for 
the modified rapid reaction apparatus,^*® hence the 
ratios for cations are not available for comparison. The 
ratio for the neutral species of these chloro-, fluoro-, 
and trifluoromethyl-quinazolines shows that the pro­
portion of hydrated species is substantially larger (by a 
factor of 4—30) than in quinazohne.
T a ble  2
U ltra v io le t  s p e c tra  of q u in azo lin es (H^O; 20°)®
Quinazoline Xmax. (m|i) log c Species » pH
4-Carboxy- .......................................  222, 272, 309 +  317 4 49, 3 40, 3 60 +  3-46 A 6 6
2 1 2 ,2 6 6 ' 4 16, 3 76 Z 2 0
4-CarbamoyI- ..................................  230, 280, 316 4 46, 3-33, 3 62 NM 6 0
2 0 9 ,2 6 4 ' 4 23, 3 81 HC 1 0
4-C arbam oyl-2-m ethyl-................. 231, 263, 320 4 31, 3 68, 3 41 NM 7 0
218, 263 3 96, 3 84 HC 0 0
4-Carbam oyl-2,6-dimethyl- ........ 232, 266, 334 4 39, 3 61, 3 43 NM 7 0
218, 267 3 99, 3 92 HC 0 0
4-Carbamoyl-6-fluoro-2-methyl- 223, 256, 334 4 36, 3-50, 3 69 NM 8 0
216, 261 3 99, 3 87 HC 0 0
6-Fiuoro- ...........................................  228, 282, 316 4 69. 3 26, 3 26 NM 9 0
209, 258 +  273 +  284 4-15. 3-19 +  3-76 +  3-63 HC 0 0
6-Fluoro - ...........................................  222, 264, 311 +  322 4 40, 3 42, 3 43 -f  3-39 NM 9 0
210, 262 4 13, 3 94 HC 0 0
7-Fluoro- ...........................................  222, 284 +  295 +  306 4 43, 3 61 +  3 49 +  3 42 NM 9 0
210, 260 4-12, 3 90 HC 0 0
6-T rifluorom ethy l-.......................... 217, 268, 302 -f  312 4 47, 3 62, 3 36 4- 3-29 N4\I 10 0
209 +  219, 256 4 13 +  3-85, 3 87 HC 0 0
6-Trifluorom ethyl - .......................... 220, 266, 298 -f 310 4 64, 3 46, 3 22 -f- 3 1 4  NM 10 0
209 -f  213 4- 219, 263 4 19 -f- 4-14 4- 3-32, 2 97 HC 0 0
7-Trifluoromethyl- .........................  219 4- 224, 262, 307 4- 318 4 64 -f  4-46, 3 43, 3 37 -j- 3 32 NM 10 0
211,269 4- 255 4-21, 3-91 +  3-42 HC 0 0
8-Trifluoromethyl- .........................  216, 260, 304 4- 316 4 66, 3 63, 3 43 f  3-40 NM 10 0
208, 267 4- 289 4 22, 3 91 4- 3-66 HC 0 0
2 ,6 -D im eth y l-  220 4- 228 4- 234, 264, 320 4- 330 4-51 +  4 61 4- 4-48, 3 48, 3 46 4- 3-39 NM 9 0
246 4- 263,339 J  92 4- 4 06, 2 14 H C  1 0
7-M ethoxy-2-m ethyl-  214 4- 236, 306 4- 314 4 23 4- 4 36, 3 72 4- 3 74 NM 9 0
228 4- 246, 323 4 16 -f 4 16, 3 77 H C  0 0
7-E thylthio-   211, 260, 300 4- 336 4 41, 4 28, 3 83 -f  3 97 NM 9 0
262 +  265, 376 4 30 4- 4 65, 3 61 H C  0 0
• Inflexions are in italics. » A =  Anhydrous anion, Z =  hydra ted  zwitterion, NM =  anhydrous neu tra l species, HC =  hydrated  
cation. '  M easured afte r 4 hr. of mixing. '  These contain a high proportion of anhydrous cation.
species in 4-carboxyquinazoline (which should be higher 
if hydrogen bonding is a major stabilising factor) is about 
eight times less than that in 4-carbamoylquinazohne.
The neutral species of 2,4,6-trimethylquinazoline is 
slightly less hydrated than the neutral species of quin­
azohne as was observed previously in the cations.^®
The values of for 6-, 7-, and 8-methyl, and 5-, 6-, 7-, 
and 8-methoxy-quinazolines are in the same order as 
the ratios of hydrated to anhydrous cations measured 
previously,^ i.e., 20, 3 3, 10, and 10, 4 4, ~0*1, 37 res­
pectively. As in the cations, all the neutral species of 
these quinazohnes are less hydrated than quinazoline, 
and the larger dehydrating effect of the methoxy-group 
in 7-methoxyquinazohne cation is also observed in the 
neutral species (®^-®*4). No figures are available for the
On the whole, the values of Eire consistent with the 
electronic properties of the substituents in the benzene 
ring and the order of hydration is MeO <  Me <  H <  
Cl <  F <  CFg <  NOg. The effects of these substituents 
are primarily to make the benzene ring as a whole an 
electron source or an electron sink for the polarisation 
of the 3,4-double bond. This is caused essentially 
by the inductive effect exerted on the benzene ring by 
the substituent. The mesomeric effects of the substi­
tuents in the benzene ring can be seen by comparing the 
effect of the position of substitution on hydration. 
Positions 6 and 7 show this clearly. An electron releas­
ing (+M ) group in position 7, but not in position 6,
W. L. F . Armarego and J . I. C. Sm ith, J . Chem. Soc., 1966, 
6360.
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would tend to stabilise the anhydrous form as in (VI). 
This is in agreement with the larger K-^  values for 6-
(VI)
methoxy-, chloro-, and fluoro-quinazolines than for the 
respective 7-isomers. The reverse is true for the 6- 
and 7-nitro-(— M) groups. The effects of the 6- and
m e th y l- , 4 -c a rb a m o y l-2 -m eth y I- , a n d  2 ,6-d im ethyl-, 
3 ,4 -d ihydro -7 -m ethoxy-2 -m ethy l-4 -oxo-,^®  6-fluoro-3 ,4-d i- 
h y d ro -4 -o x o -, 3 ,4 -d ih y d ro -4 -o x o -5 -tr if lu o ro m e th y l- ,^ ' 2- 
m e th y l- ,  2 -e th y l-, 2 -iso p ro p y l-, 2 -t-b u ty l- ,^  a n d  2 ,4 ,6 -tri-  
methyl-,^® q u in azo lin e s , 6- a n d  6-fluoro-,^® 4-, 7-,^® a n d  
6 -tr if lu o ro m e th y lisa tin ,^ ’ a n d  2 -n itro -6 - tr if lu o ro m e th y l-  
aniline,*® w ere  p re p a re d  as  in  th e  re fe ren ces  c ite d .
~ tl-F orm ylisa tin .— T o  p o ta s s iu m  is a t in a te  (7-5 g.,
re c ry s ta ll is e d  fro m  e th a n o l)  a n d  fin e ly  g ro u n d  a n h y d ro u s  
so d iu m  fo rm a te  (7*5 g.) w a s  a d d e d , w i th  coo ling , fre sh ly  
p re p a re d  a ce tic  fo rm ic  a n h y d r id e  (15 m l.) (o b ta in ed  b y  
h e a tin g  I  m o l. o f a n h y d ro u s  fo rm ic  ac id  a n d  0 96 m ol.
T a b l e  3 
A n a ly se s
F ound (%)
Com pound C H
2-N itro -5-trifluorom ethylbenzonitrile ..........................................  44 6 1 2
1-Iodo-2-nitro-6-trifluorom ethyIbenzene ...............................  26 6 1 0
2-A m ino-5-trifluorom ethylbenzam id e ..........................................  47 3 3 6
iV-Form ylisatin ...................................................................................  62 0 3 0
Quinazoline
4-Carboxy- (am m onium  salt) ........................................................  66 6 4 6
4-Carbam oyl- ........................................................................................ 62 3 4 1
4-C arbam oyl-2-m ethy l-.....................................................................  64 3 6 0
4-C arbam oyl-2,6-dim ethyl- ............................................................  66 6 6 6
4-Carbam oyl-6-fluoro-2-m ethyl- ...................................................  68 8 3 9
6-Fluoro-3,4-dihydro-4-oxo - ............................................................  68 3 3 2
7-Fluoro-3,4-dihydro-4-oxo - ............................................................. 68 3 3 4
3.4-D ihydro-4-oxo-7-trifluorom ethyl- ..........................................  60 2 2 4
3.4-D ihydro-4-oxo-8-trifluorom ethyl - ..........................................  60 2 2 6
4-Chloro-6-fluoro- ..............................................................................  62 4 2 3
4-Chloro-6-fluoro- ..............................................................................  62 8 2 6
4-Chloro-7-fluoro- ..............................................................................  62-8 2 4
4-Chloro-5-trifluorom ethyl- ............................................................  46 2 1 7
4-Chloro-6-trifluorom ethyl- ............................................................  46 2 1 7
4-Chloro-7-trifluorom ethyl- ...........................................    46 3 1 8
4-Chloro-8-trifluorom ethyl- ............................................................  46 3 1 8
4-C hloro-7-m ethoxy-2-m ethyl-........................................................ 67-7 4 6
6 -F lu o ro - ................................................................................................. 64 7 3 6
6-Fluoro - ................................................................................................. 66 1 3 6
7-Fluoro - ................................................................................................. 64 8 3 4
6 -T rifluo rom ethy l-............................................................................... 64 3 2 8
6-Trifluorom ethyl - ............................................................................... 64 6 2 6
7-Trifluorom ethyl- ............................................................................... 64-8 2 6
8-Trifluorom ethyl- ..............................................................................  64-4 2-7
2 ,6 -D im eth y l- ........................................................................................ 76-9 6 3
7-M ethoxy-2-m ethyl-..........................................................................  68-7 6-8
7-E thylth io- ........................................................................................ 63-1 5-3
R equires (%)
N 
12 6 
4-4 
13 4 
8-0
21-8
24-2
22-6
20-9
20-6
17-0
17-2 
12-8 
13-1 
16-1
16-3 
16-2 
1 2 0
11-9
12-2 
12-1
13-4 
19-0
18-8 
18-9
14-1 
14-0 
14-1 
14-1
17-7 
16-3 
14-5
Formula
C ,H ,F ,N ,0,
C ,H ,F,IN O ,
C ,H ,F ,N ,0
C,H,NO,
C9H9N3O3
C9H,N,0
C10H9N3O
C„H„N30
CjoHgFNjO
C3H3FN3O
C3H3FN3O
C3H3F3N3O
C3H3F3N3O
C.H^ClFNg
CgH^ClFNz
CgH^ClFNg
C3H4CIF3N,
C,H,C1F3N,
CgH.ClF.N,
C,H.C1F3N,
C10H3CIN3O
C9H3FN,
C3H3FN3
C ,H ,FN .
C9H3F3N3 
C9H3F3N3 
C9H sFsh 2 
C9H3F3N, 
C10H10N2
CioHjoNjO
C
4 4 . 4
26-6
47-1
61-7
66-6
62-4 
64-2
66-7 
68-6 
68-6 
68-6 
60-6 
60-6 
62-6 
62-6 
62-6 
46-5 
46-5 
46-5 
46-5
67-6 
64-9 
64-9 
64-9 
64-6 
64-6 
64-6 
64-5 
76-9 
69-0
63-2
H
1-4
0-9
3-4
2-9
4-8 
4-1 
4-8 
6-5
3-9 
3-1
3-1 
2-3
2-3 
2-2 
2-2 
2-2
1-7 
1-7 
1-7
1-7
4-3
3-4 
3-4 
3-4
2-5 
2-6 
2-6 
2-6 
6-4 
6-8
5-3
N
12-9 
4-4
13-7 
8-0
22-0
24-3
22-6
20-9
20-6
17-1
17-1 
13-1 
13-1 
16-3 
16-3
16-3 
12-0 
12-0 
12-0 
12-0
13-4
18-9 
18-9 
18-9
14-2 
14-2 
14-2 
14-2
17-7 
16-3 
14-7
7-trifiuoromethyl groups are not clear because they 
behave as the methoxy-, chloro-, and fiuoro-substituents 
although it is agreed that the trifluoromethyl group has a 
(— M) effect.^i The effects of substituents in positions 
6 and 8 are more complex because of the steric and elec­
trical field effects that the 5-substituent has on the attack 
of the nucleophile on C-4 (the first step in the hydration 
process) and the 8-substituent on the protonation of the 
^grf-nitrogen atom N-1 (involved in the second step in 
the hydration process).
EXPERIMENTAL
M icro an a ly ses , b y  J .  E . F ild e s  a n d  h e r  s ta ff , a re  su m ­
m arised  in  T a b le  3. E v a p o ra t io n s  w e re  c a r r ie d  o u t  in  a  
ro ta ry  e v a p o ra to r  a t  4 0°/16  m m . 4 -C a rb am o y l-2 ,6 -d i-
"  J . D. R oberts, R . L. W ebb, an d  E . A. McEIhill, J .  Am er. 
Chem. Soc., 1960, 72, 408.
"  A. B ischler and  H . P . M untendam , Ber., 1896, 28, 723.
» T. B h a ttach ary y a , P . K . Bose, and  J . N . R ay, J .  Ind ia n  
Chem. Soc., 1929, 6, 279.
a c e tic  a n h y d r id e  a t  60° fo r 2 h r .)  a n d  k e ep in g  a t  20° 
fo r 2 d a y s . T h e  y e llo w  so lid  w a s  t r e a te d  w ith  w a te r , 
f ilte red  off, d r ie d  in  vacuo, a n d  re c ry s ta ll is e d  fro m  b en ze n e  
to  g ive  lil-fo rm ylisa tin  (4-6 g ., 7 0 % ), m . p . 184— 186°, a s  
g o ld en  ye llo w  need les . A t te m p ts  to  p re p a re  th is  co m p o u n d  
b y  fo rm y la t io n  o f is a tin  w ith  b o ilin g  fo rm ic  a c id  o r  a ce tic  
fo rm ic  a n h y d r id e  w ere  u n su ccessfu l.
A m m o n iu m  4-qu inazo linylcarboxyla te .— N -fo rm y lis a tin
(TO g.) w a s  d isso lv ed  in  N -sodium  h y d ro x id e  (6 m l.) a t  
30° a n d  d i lu te d  w i th  w a te r  (10 m l.). T h e  so lu tio n  w as
* B. R . B aker, R . E . Schaub, J . P . Joseph, F . J . M cEvoy, 
and  J . H . W illiams, J .  Org. Chem., 1962, 17, 164. 
r. "  S. T. H o lt and  P. W . Sadler, Proc. Roy. Soc., 1968, 14SR, 
481.
"  P . M. M aginnity  and  C. A. Gaulin, J .  Am er. Chem. Soc., 
1951, 73, 3679.
"  L. Sim et, J .  Org. Chem., 1963, 28, 3680.
E . P o u te rm an  and  A. G irardet, Helv. Chim. Acta, 1947, 30,
107.
Gj. Stefanovid, L j. Lorenc, and M. Lj. Mihailovid, Rec. Trav. 
chim., 1961, 80, 149.
G. R . Clemo and  G, A. Swan, J . Chem. So-- 1946, 603.
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acidified, a t  0°, by  dropwise addition of 2N-hydrochloric 
acid until precipitation was complete (pH 1— 2). iV-formyl- 
isatinic acid was filtered off, washed w ith w ater, dissolved 
in saturated  ethanolic am m onia (15 ml.), and heated in a 
sealed tube a t  100° for 2 hr. The solid th a t separated on 
cooling was filtered off and after recrystallisation from 
ethanol, ethanolic ammonia, or ethanol-ether gave 
ammonium 4-quinazolinylcarhoxylate, m. p. 205— 207° 
(decomp.) (0 93 g., 85%).
4-Deuterioquinazoline.—The above am monium salt (0 5 
g.) was dissolved in deuterium  oxide (5 ml.) and evaporated. 
The residue was heated, under nitrogen, until deearboxyb 
ation was complete, then a vacuum  was applied and a solid 
sublimed out. This was resublimed a t  30°/0 5 mm. to  
give 4-deuterioquinazoline, m. p. 47° (0 31 g., 90%), 
M  (mass spectrum) 131. Quinazoline was isolated in a 
sim ilar yield when the deuterium  oxide trea tm en t was 
om itted.
G-Fluoro-2-methylquinazoîine.—This compound, m. p. 
137° (yield 70%), was prepared from iV-acetyl-5-fluoroisatin 
following the sequence of reactions described above.
4-Carbamoylquinazoline.—iV-Formylisatin (TO g.) in 
sa tu rated  ethanolic am m onia (15 ml.) was heated in a sealed 
tube a t 100° for 3 hr. The solution was then  boiled w ith 
charcoal, filtered, evaporated, and the residue recrystallised 
from ethanol to  give 4-carbamoylquinazoline (0-7 g., 70%), 
m. p. 17T5— 172° [lit.,®i m. p. 171— 172°, prepared as a 
by-product in the reaction of quinazoline w ith hydrogen 
cyanide].
4-Carbanioyl-G-fluoro-2-methylquinazoline.—This com­
pound, m. p. 194°, was sim ilarly prepared from A^-acetyl-
5-fiuoroisatin in 80% yield.
2-Amino-6-trifluoromethylbenzamide.— 2-Nitro-5-trifiuoro- 
m ethylaniline (50 g.) in a m ixture of acetic acid (250 ml.), 
and hydrochloric acid (120 ml., d IT ), a t  —1° was treated  
w ith sodium n itrite  solution [70 g. in w ater (1 1.)] while 
the  tem perature was below 0°. This was filtered in to  a 
solution of potassium  cyanide (104 g.) and hydrated  cupric 
sulphate (96 g.) in w ater (750 ml.) a t  70— 80° in a fume 
cupboard. The precipitate was filtered off, washed w ith 
w ater and then  boiled w ith ethanol (160 ml.) for 1 hr., 
filtered, and the  filtrate evaporated, and the  residue dis­
tilled a t  0 1  mm. pressure. The distillate solidified, and 
after sublim ation a t  60°/0 5 mm. and recrystallisation from 
benzene-light petroleum  (b. p. 40—60°) gave 2-nitro-5-tn- 
fluoromethylbenzoniirile, m. p. 64° (15% yield). W hen the  
above am ine was diazotised in dilute sulphuric acid and the 
solution poured in to  aqueous potassium  iodide a 92% yield 
of 2-niiro-5-trifiuoromethyl-l-iodobenzene, b. p. 88°/l-0 mm. 
was obtained. The diazonium salt, prepared in dilute 
sulphuric acid, however, did no t give a be tte r yield of the 
above nitrile.
The nitrile (3 g.) in 66% aqueous sulphuric acid (20 ml.) 
was heated  a t  115° for 3 hr., poured in to  w ater (50 ml.), 
boiled, decolourised w ith charcoal, cooled, and  extracted 
w ith chloroform. Evaporation  of the dried chloroform 
ex trac t (NagSO^) gave a  60% yield of 2-nitro-5-trifluoro- 
methylbenzamide which had m. p. 164° after recrystallis- 
ation from w ater. This am ide (2 g.) in ethanol (20 ml.) and 
5% palladium  on charcoal (1 g., prepared by  the  form al­
dehyde method) was hydrogenated a t  20°/720 mm. The 
solution was filtered, evaporated, and the residue recrystal­
lised from benzene-light petroleum  (b. p. 40—60°) to  give
2-amino-6-tnfluoromethylbenzamide, m. p. 119° (98% yield).
3,i-Dihydro-4:-oxoquinazolines.— 6-Fluoro-, m. p. 252° 
(85%), 1-fluoro-, m. p. 230—233° (80%), 6-trifluoromethyl-, 
m. p. 210° (85%), 1-trifluoromethyl-, m. p. 227° (79%), and 
6-trifluoromethyl-, m. p. 239° (62%), 3,4-dihydro-4-oxo- 
quinazolines were prepared from the respective anthranilic 
acid or anthranilam ide and formamide by  a standard pro­
cedure.*
4-Chloroquinazolines.— 6-Fluoro-, m. p. 141° (40%),
6-fluoro-, m. p. 130° (80%), 1-fluoro-, m. p. 92° (61%), 
b-trifluoromethyl-, m. p. 67° (60%), 6-triflnoroUiethyl-, m. p. 
69° (30%), 1-trifluoromethyl-, m. p. 62° (63%), S-trifluoro- 
methyl-, m. p. 148° (38%), and l-rnethoxy-2-methyl-, m. p. 
110° (70%), 4-chloroquinazolines were prepared from the 
respective 3,4-dihydro-4-oxoquinazolines and phosphorus 
pentachloride in phosphoryl chloride by a standard  pro­
cedure,* and recrystallised from light petroleum  (b. p. 
60—80°).
Quinazolines.— 6-Fluoro-, m. p. 74° (48%), 6-fluoro-, m. p. 
140° (60%), 1-fluoro-, m. p. 131° (12-5%), 6-trifluoromethyl-, 
b. p. 64°/0-5 mm. (40%), 6-trifluoromethyl-, m. p. 75° (50%),
1-trifluoromethyl-, m. p. 52° (62%), 6-trifluoromethyl-,
m. p. 130° (33%), and l-methoxy-2-methyl-, m. p. 99° (70%), 
quinazolines were prepared by converting the above 4- 
chloroquinazolines to  the corresponding 4-iV-toluene-p-sul- 
phonylhydrazinoquinazoline hydrochloride derivatives 
which were decomposed w ith 0-4N-sodium hydroxide in 
70% ethylene glycol a t  100° for 1 hr. by  a standard pro­
cedure,* then  sublimed a t  0 1  mm. and recrystallised from 
light petroleum  (b. p. 60— 80°). The yield of 7-fiuoro- 
quinazoline was raised to  22% when N-sodium carbonate 
in 70% ethylene glycol was used.
1-Ethylthioquinazoline.— Sodium hydride (50% dis­
persion in oil) was added to  ethanethiol (T5 mol.) in dry  
tetrahydrofuran  a t  room tem perature. Sodium ethyl 
sulphide precipitated and was filtered off, washed w ith 
ligh t petroleum  (b. p. 60— 80°), and dried in  vacuo. 7-Fluoro- 
quinazoline (0-5 g.), in  ethanol (5 ml.), and sodium ethyl 
sulphide (2-2 mol.) were heated under reflux for 3 hr; the 
solvent was evaporated, the residue extracted w ith benzene, 
and the ex tracts passed through an alum ina column. 
The eluates were evaporated and the residue sublimed (70°/ 
0-1 mm.) and recrystallised from light petroleum (b. p. 
60— 80°) to  give 1-ethylthioquinazoline, m. p. 76° (90%).
U ltraviolet spectra were measured on a  Perkin-Elmer 
Spectracord model 4000 A spectrom eter and the peaks 
checked on an Optica 4 CF m anual instrum ent. The 
apparatus used for the measurem ent of the ionisation of 
hydrated  species was described before.®
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Reactions of Methazonic Acid. 
3-oxides
Part V.^ Formation of Quinazoline
By W, L  F. Armarego, T. J . Batterham, K. Schofield, and R. S. Theobald
The product obtained from the reaction between o-am inoacetophenone and methazonic acid in 50% aqueous 
acetone is found to be a constant-m elting mixture of 1.2-dihydro-4-methyl-2-nitromethylquinazoline 3-oxide 
(75%) and unchanged o-am inoacetophenone (25%). o-2'-Nitroethylideneam inoacetophenone exists mainly 
as the nitronic acid form in deuterochloroform or methanol. The proton magnetic resonance and ultraviolet spectra 
of these, and of 1,2-dihydro-2.2,4-trimethylquinazoline 3-oxide, are discussed.
It was reported earlier® that the reaction between 
methazonic acid (I) and o-aminoacetophenone is com­
plex. This Paper describes a curious product, which we 
call “ A,” obtained from this reaction, together with the 
expected nitroethyhdeneamino-ketone (Ila). The melt­
ing point and elemental analysis of “ A ” are unaltered 
on repeated recrystallisation from ethanol. Neverthe­
less, it is now found to be a constant-melting mixture of
1,2-dihydro-4-methyl-2-nitromethylquinazoline 3-oxide 
(III) (75%) and o-aminoacetophenone (25%). The 
proton magnetic resonance (p.m.r.) and ultraviolet
* P a rt IV, D. W. Ockenden and K. Schofield, J . Chem. Soc., 
1953, 3914.
» K. Schofield and R. S. Theobald, J . Chem. Soc., 1950, 395.
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(u.v.) spectral data for the following discussion are 
shown in the Table.
The infrared (i.r.) spectrum of " A ” shows the 
presence of N-H, C=0, and NOg groups with bands at 
3400w, 1640s, and 1540vs cm."^, respectively (the C=0 
band of o-aminoacetophenone absorbs at 1640 cm.“i). 
" A " hberates o-aminoacetophenone on treatment
to be a mixture, and this explains the very complex 
p.m.r. spectrum. The two main components, compound
(III) and o-aminoacetophenone, were easily separated 
by preparative thin-layer chromatography and shown 
to be present in a 3 :1 ratio. Three other components, 
one of which was 4-methylquinazoline 3-oxide, were 
also present but together made up less than 2% of the
Compound 
o-Aminoacetophenone “ 
o-Aminoacetophenone oxime “ 
o-2'-ac*-Nitroethylideneaminoaceto- 
phenone (VII) *
Proton magnetic resonance and ultraviolet spectra
P.m .r. spectra  a t  33-5° 
chemical shifts (t )
3H 4H 5H 6H Me Others
3 3 2-75 3 3 2 26 7 43
3 35 3 00 3 27 2 72 7 73
2 55 2 38 2 73 2 00 7 32
1.2-Dihy dro-4-m ethy 1-2-nitromethy 1- 
quinazoline 3-oxide “
1.2-D ihydro-2,2,4-trim ethyl quin- 
azoline 3-oxide “
4-M ethylquinazoline 3-oxide “
M ethazonic acid “
“ In  di-[*Hj]m ethyl sulphoxide. 
ether, from  M. Pestem er, T. Langer
Chemical shifts (t )
2H 5H 6H 7H 8H Me
4 13 2 75 3 1 2 75 3 1 7 60
—  2 82 3 19 2 82 3 19 7 60
H H
(=C-C=) 3 27, 2 38
O thers 
5 22, 5 02 (CHjNOj), 
4 13 (CH)
8 36 {gem diMe)
0 9 2 1 -► 7-11
U.v. spectra  in m ethanol a t  20°
252, 362 
223, 255 4- 322
234, 295, 373 
236, 293, 372
log e
3-87, 3-80
4-43, 3-74 -t- 3-52
4-06, 3 94, 3-64 
4-29, 3-90, 3-61
2-84 {CH). 4-68 (C //,), J  =  6-3 c./sec.
‘ In  deuterochloroform . " In  di-[^H ,]m ethyl sulphoxide-deuterochloroform  (1 :9 ) . 
, and  F. M anchen, M onatsh., 1936, 68, 326.
In
with alkali for a short time, but with ethanolic alkali 
at 20° for two weeks, o-aminoacetophenone oxime is 
formed. With alumina in aqueous acetone, a 50%
GHz'NO; 
C H = N-OH (1)
o : CH-CH2-NOi
R =  Me )
a ^^NOH
N = CH-CH2-NOi
(IV)
(IVa : R =  Me )
Me
CMe.
(V)
CH2-N02
a MeN = CH-CH=(VII) "OH
Me
(VIII)
CH-NO,
yield of 4-methylquinazohne 3-oxide is obtained, and 
not 3-nitrolepidine which would be expected if “ A ” 
were a derivative of compound (II) (cf. ref. 2). The 
3-oxide is also formed in solutions of “ A ” in aqueous 
acetone or dimethyl sulphoxide containing a trace of 
alkali, but in boiling ethanolic sulphuric acid, 3-nitro­
lepidine is formed.
Paper and thin-layer chromatography showed “ A ”
apphed sample. The complex peak patterns in the 
p.m.r. spectrum of “ A ” can be reproduced by super­
imposing the spectrum of one part of o-aminoaceto- 
phenone on that of three parts of compound (III). 
Similarly, the_ consistent analytical figures obtained for 
'rS. ^ t  well for the same 3 : 1 mixture.
The elemental analysis of compound (III) confirms its 
empirical formula but does not differentiate between 
the isomeric structures (III) and (IVa). This second 
possibihty can be eliminated after study of the p.m.r. 
sjpectrum shovm in the Figure, where the CH-CH,
CH ,
CH
6 lO2 3 7 84 5 9
P.m .r. spectrum  of l,2-dihydro-4-m ethyl-2-nitrom ethylquin- 
azoline 3-oxide (111) a t  60 Me./sec. in  di-[:H ;]m ethyl sulph­
oxide
group gives rise to a typical ABC pattern (t.v 5 02, 
tb 5-22, To 4T3. / ab =  12 5, / ac =  4, / bc =  8 
c./sec.) showing the geminal protons of the methylene 
gToup to be non-equivalent. In structure (IVa) there is 
no reason for such non-equivalence because rotation 
around the CH-CHg bond is not restricted. However, 
in structure (III), the combination of an asymmetric 
centre at C-2 and the proximity of anisotropic groups 
satisfactorily explains the observed non-equivalence. 
Furthermore, addition of a trace of hydrogen chloride to
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a solution of compound (III) changes the unresolved, 
broad absorption from the CH proton ( t  4 13) into the 
expected quartet, a change which must be associated 
with a vicinal NH group, present in (HI) but not in 
(IVa).
Attempted oxidation of compound (HI) with 2% 
aqueous potassium permanganate in buffer, pH 7-0, 
did not yield 4-methyl-2-nitromethylquinazoline 3-oxide 
as is typical of 1,2-dihydroquinazoline 3-oxides,^ but 
rather promoted the elimination of nitromethane to 
form 4-methylquinazoline 3-oxide. The results discussed 
above suggest that substances previously described  ^
as o-2'-nitroethylideneaminoacetophenone oximes (IV) 
have cychc structures, similar to (HI). These com­
pounds are said to melt with liberation of gas and then 
remelt at higher temperatures, an observation which is 
consistent with initial elimination of nitromethane 
to form the higher melting quinazoline 3-oxides. The 
compounds formed by the action of alumina on the
3-halogeno-oximes  ^related to (IVa) were thought to be 
the corresponding 8-halogeno-3-nitrolepidines, but the 
above results suggest them to be 8-halogeno-4-methyl- 
quinazoline 3-oxides. Analytical data,^ alone, are 
insufficient to distinguish conclusively between these 
two possibihties.
In an attempt to prepare o-2'-nitroethylideneamino- 
acetophenone oxime, we treated o-aminoacetophenone 
oxime with methazonic acid in 50% aqueous acetone, 
but the product gave analytical figures suggesting the 
formula: C^Hi^NgO, and the choice of formulae clearly 
lay between the anil (V) amd the quinaizoline (VI). 
The close similarity between the i.r. and u.v. spectra 
of this compound and those of compound (III) strongly 
imphes that it is I,2-dihydro-2,2,4-trimethylquinazohne
3-oxide (VI). Also, the methyl groups on C-2 are 
magnetically equivalent and give rise to a sharp singlet 
in the p.m.r. spectrum. If the compound had the 
isopropyUdene structure (V), these groups would most 
probably be non-equivalent, as are similar groups in 
such compounds as acetone 2,4-dinitrophenylhydr- 
azone.^
Finally, we examined the p.m.r. spectrum of o-2'-nitro- 
ethyhdeneaminoacetophenone (Ha), and found no 
peaks which could be assigned to a CH-CHg system. 
Instead, the spectrum contains the aromatic multiplets 
with a superimposed AB quartet (t^ 2 38, tb 3 27. 
J  =  6*2 c./sec.), a pattern not consistent with structure 
(Ha) but rather v/ith (VII) or (VIII). The nitro- 
groups of compounds described above give rise to strong 
bands in the i.r. region between 1540 and 1560 cm.“^  
but, in this case, the band is absent. These results 
favour the aci-nitro structure (VII) for this compound 
rather than structure (VIII), a conclusion which is 
supported by its u.v. spectrum, where the long wave­
length band absorbs at 388 m|jL with a very high mole­
* A. Kovendi and M. Kircz, C/tem. Ber., 1965, 98, 1049.
" NMR Spectra Catalog,” Varian Associates, Palo Alto, 
California, 1962, vol. 1.
‘ Auwers, Ber., 1896, 29, 1255.
cular extinction coefficient (e 23,694) compared with that 
of o-aminoacetophenone at 362 mp (e 6310).
In the p.m.r. spectra of compounds fisted in the 
Table, peak patterns due to the aromatic protons have 
been analysed by inspection. Assignments of peaks to 
specific protons can be made with certainty, because the 
two substituents on the benzene ring have very different 
effects on the chemical shifts of the ring protons. How­
ever, because full analyses were not carried out, the 
chemical shifts quoted are only accurate to within 
± I  c./sec. of the real values.
EXPERIMENTAL
C om pound " A . ”— {a) I n  aqueous acid. o-A m inoaceto- 
phen o n e  (2 31 g.) w as d issolved in  w a te r  (3 m l.) w ith  th e  
ad d itio n  of th e  m in im um  of conc. hydroch lo ric  acid  (7 m l.), 
an d  m ethazon ic  acid  (1-78 g.) w as added . T he  m ix tu re  
w as sto red  a t  5° o v ern ig h t, an d  th e  yellow  p re c ip ita te  
w as collected  a n d  recrysta llised  from  e th an o l to  give 
o-2 '-n itro e th y lid en eam in o ace to p h en o n e  (0*45 g.), m . p . 
124— 125° (lit.,2 m . p . 124— 125°) (F o u n d : C, 58 1; H , 
5 2. Calc, fo r CioHigNgO,: C, 68 3; H , 4 9% ). T he  
filtra te  from  th e  ab ove  w as a d ju s te d  to  p H  7*0 w ith  d ilu te  
sod ium  h y d rox ide, filtered , an d  ex tra c te d , first w ith  e th e r 
th e n  w ith  benzene. T h e  w ashed  an d  d ried  (Na^SO^) 
e x tra c ts  y ielded  1 35 a n d  0 33 g., respec tive ly , of solid, 
m . p . 124— 125°, w h ich  on  recry sta llisa tio n  from  e th an o l 
gave com pound  "  A ,” m . p . 127— 128°.
(6) I n  ethanolic hydrochloric acid. A so lu tion  of o-am ino­
ace tophenone  (4-5 g.) an d  m eth azo n ic  acid  (5 15 g.) in  
e th an o l (10 ml.) a n d  lO N -hydrochloric acid  (1 m l.) w as k e p t 
a t  20° for 2 days, a n d  th e  la rg e  p la te s  t h a t  se p a ra ted  w&re 
collected  a n d  recry sta llised  from  e th an o l to  give com pound 
"  A  ” (1-2 g.), m . p . 127— 128°.
(c) I n  aqueous acetone. o -A m inoacetophenone (2 g.) 
a n d  m eth azo n ic  ac;id (1 64 g.) in  50%  aqueous ace tone  
(40 ml.) w ere k e p t a t  20° for 24 h r. T he so lu tion  w as 
ev ap o ra te d  carefu lly  a t  20° u n t i l  c ry s ta llisa tio n  began, 
a n d  th e n  cooled. T h e  lig h t bro-wn p la te s  w ere filtered  off 
an d  c rysta llised  from  e th an o l six: tim es to  give com pound  
“ A ” (1-4 g.), m . p . 126— 127°, u n d epressed  b y  th e  above 
sam ples. T h e  follow ing a n a ly s is  is ty p ic a l of n ine  closely 
sim ila r re su lts : [F o u n d : C, 58-5; H , 5-3; N , 16-7. 
CioHiiNaO^CgHgNO (3 :1 )  req u ires  C, 58-5; H , 5-4; N , 
16-9% ].
A ction  o f  D ilu te  Sod ium  H ydroxide on  ”  A .” — A so lu tion  
of “ A ” (0-5 g.) in  etham olic sod ium  h y d ro x id e  (1% ; 
20 m l.) w as le ft in  th e  dairk for 2 w eeks. I t  w as th e n  
sa tu ra te d  w ith  carb o n  d io x id e  a n d  e v ap o ra ted  to  dryness, 
g iv ing  0-26 g. of solid, w h ic h  a f te r  recry sta llisa tio n  from  
benzene afforded o-am inoacetophenone  oxim e, m . p. 
106— 107° (lit.,® m . p. 108-— 109°), undepressed  w ith  an  
a u th e n tic  sam ple  (F o u n d : C, 64-0; H, 6-6. Calc, for 
CgHioNgO: C, 64-0; H, 6-7%.).
A ction  o f  E thanolic S u lp h u ric  A c id  on " A .”— T he 
su b stan ce  (0-2 g.) w as h e a te d  for 3 h r. w ith  refiux ing  
10%  e th ano lic  su lp h u ric  acid  (10 m l.). T he  so lu tion  w as 
cooled, p o u red  in to  w a te r  (50 m l.), n eu tra lised  w ith  sodium  
ace ta te , a n d  e x tra c te d  w ith  e th e r. T he e x tra c t, a f te r  
w ashing, d ry in g  (NagSO^), a n d  co n cen tra tio n  y ielded  a 
s tick y  residue (0-13 g.) w hich recry sta llised  from  e th an o l 
to  give 3-nitro lepidine, m . p . 116— 117° (lit.,® m. p. 116—  
117°) undepressed  b y  an  a u th e n tic  sam ple.
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Action o f A lum ina on " A . ”—A solution of " A ” 
(0-2 g.) in 50% aqueous acetone (20 ml.) was kept over 
alumina (B.D.H. for chromatography; 2 g.) for 3 days, 
filtered, evaporated, and the residue crystallised from 
benzene to  give 4-methylquinazolidine 3-oxide, m. p. 
173— 174°. The i.r. spectrum was identical w ith th a t of an 
authentic sample* (Found: C, 67 4; H, 5 0; N, 17 1. 
Calc, for CgHgNgO: C, 67 4; H, 5 0; N, 17-5%).
Separation o f \,2-Dihydro-4-methyl-2-nitromethylquinazol- 
ine S-Oxide from “ A .”—Compound “ A ” (300 mg.) in 
acetone was applied to  6 thin-layer plates of silica-gel G 
(Merck) which were developed in chloroform-acetone 
(9: 1). The band which ran with the solvent front was 
eluted to  give o-aminoacetophenone (80 mg.). The yellow 
band, Rp 0-25, gave a gum (190 mg.) which was suspended 
in hot carbon tetrachloride (15 ml.) and dissolved by the 
dropwise addition of acetone. On cooling, yellow plates 
of l,2-dihydro-é-methyl-2-nitromethylquinazoline 3-oxide, 
m. p. 109-5— 110°, separated (with 0-5 mol. CCIJ (Found: 
C, 42-6; H, 3-6; N, 13-7; Cl, 23-4. CioHiiNgOg.O-SCCb 
requires C, 42-3; H, 3-7; N, 14-1; Cl, 23-8%).
\,2-Dihy dro-2,2,ir-trimethylquinoxaline3-Oxide.—o-Amino- 
acetophenone oxime (1-0 g.) and methazonic acid (0-7 g.) 
in 50% aqueous acetone (18 ml.) were kept a t 20° for 24 hr.
• W . L. F. Armarego, J .  Chem. Soc., 1962, 5030.
Evaporation left a red oil which was dissolved in ethanol 
(20 ml.) and kept over alumina (B.D.H. for chromatography; 
10 g.) for three days. The solution was filtered, evaporated, 
and the oily residue recrystallised from benzene-light petrol­
eum (b. p. 40—60°) to give l,2-dihydro-2,2,4t-trimethyl- 
quinazoline 3-oxide (0-8 g.), m. p. 149— 150° (Found : C, 
69-5; H, 7-6; N, 15-2. CiiHi^NgO requires C, 69-4; H,
7-4; N, 14-7%).
Physical Measurements.—Proton magnetic resonance 
spectra were measured a t 60 Me./sec. and 33 6° on a 
Perkin-Elm er RIO spectrometer. TetramethyIsilane was 
used as internal standard ( t  10). U ltraviolet spectra were 
recorded on a Perkin-Elmer Spectracord, model 4000A 
and the peak maxima checked on an Optica manual instru­
ment. Infrared spectra (KBr disc) were measured on a 
Unicam S.P. 200 spectrometer.
We thank Mr. C. Arandjelovic for the ultraviolet spectra.
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The inîra-red spectra of some diaza- and triaza-naphthalenes 
and of 1,4,5,8-tetraazanaphthalene
W. L. F. A r m a r e g o , G. B. B a r l in  and E. Sp in n e r  
D epartm ent of Medical Chemistry, John Curtin School of Medical Research, 
Australian National University, Canberra
{Received 26 January 1965)
Abstract—The infra-red spectra of 1 ,2 -, 1,3-, 1,4-, 1,5-, 1 ,6 -, 1,7-, and 1 ,8 -diaza-, 1,3,4-, 1,3,5-,
1,3,6-, 1,3,7-, 1,3,8-, 1,4,5- and 1,4,6-triaza-, and 1,4,5,8-tetraazanaphthalene, and the Ram an 
spectrum of 1 ,5-diazanaphthalene, have been determined and correlated. Band assignments 
for 1,4,5,8-tetraaza- and 1,5- diaza -naphthalene are discussed in relation to  those for naphthalene.
I n t r o d u c t io n
T h e  v ib r a t io n  spectra of naphthalene and naphthalene-dg have been studied 
extensively [1-3, and references to earlier work quoted therein], and data and fre­
quency assignments have also been produced for 1,4,5,8-tetradeuteronaphthalene
[4], quinoline [5] and isoquinoline [6]. The only diazanaphthalene for which a 
complete infra-red spectrum is available is quinazoline [7, 8], but data for the range 
1000-650 cm~  ^have also been given for quinoxaline [9] and 1,6- and 2,7-naphthyri- 
dine (i.e. diazanaphthalene) [10].
8 I
1,4,5,8-Tetraazanaphthalene
In the present work polyazanaphthalenes in which at least one a—CH has been 
replaced by N were studied ; only the infra-red spectra were measured, except for
[1] E. R . LiPPnsrcoTT a n d  E. J . O ’R e i l l y ,  J . Chem. Phys. 23, 238 (1955).
[2] A. L . M c C l e l l a n  a n d  G . C. P i m e n t e l ,  J .  Chem. Phys. 23, 245 (1955); G. C. P i m e n t e l ,
A. L . M c C l e l l a n ,  W. B . P e r s o n  a n d  O. S c b n e p p , ibid. 23, 234 (1955); H . L i j t h e b ,  
K. F e l d m a n n  a n d  B. H a m p e l ,  Z. EleJctrochem. 59, 1008 (1955); W. B r i j h n  a n d  R. M e c k e ,  
ibid. 62, 441 (1958).
[3] E. S c h m id , Z. Elektrochem. 62, 1005 (1958); D. E. F r e e m a n  and I. G. R oss, Spectrochim. 
Acta 16, 1393 (1961); D. B. S c u l l y  and D. H. W h i p f e n ,  ibid. 16, 1409 (1961).
[4] S. S. M i t r a  a n d  H. J . B e r n s t e i n ,  Can. J . Chem. 37, 553 (1959).
[5] P. C m oR B O L i a n d  A. B e r t o l u z z a ,  A nn. Chim. {Rome) 49, 245 (1959).
[6 ] H . L u t h e r ,  D. M o o t z  a n d  F. R a d w i t z ,  J .  Prakt. Chem. 5, 242 (1957).
[7] H . C u l b e r t s o n ,  J . C. D e c i u s  a n d  B. E. C h r i s t e n s e n ,  J . A m . Chem. Soc. 74, 4834 (1952)
[8 ] W. L. F . A r m a r e g o ,  A. R . K a t r i t z k y  and B. J . R i d g e w e l l ,  Spectrochim. Acta 20, 593 
(1964).
[9] H. H . P e r k a m p u s  a n d  A. R o d e r s ,  Z. Naturforsch. B  15, 1 (1960).
[10] N . I k e k a w a ,  Chem. and Pharm. Bull. {Japan) 6, 404 (1958).
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1,5-naphthyridine for which the Raman spectrum also was obtained. However, it 
was not practicable to obtain Raman spectra generally owing to the difficulty of 
preparing many of these compounds in sufficient quantity, and sometimes because 
of the yellow colour of their concentrated solutions.
E x p e r e m e n t a l
1,4,5,8-Tetraazanaphthalene [11], tri- and di-azanaphthalenes were prepared by 
methods described or referred to in previous publications from this department 
[12-14]. Infra-red spectra were measured with a Perldn-Elmer 21 infra-red spectro­
photometer fitted with sodium cliloride optics, cimioline, quinazoline and quinoxaline 
being examined as melts, and the other compounds as solids dispersed in potassium  
bromide discs (and, in a few cases, in carbon tetrachloride solution). The Raman 
spectrum of aqueous 1,5-naphthyridine (38%) was determined with a Hilger Raman 
spectrophotometer with photoelectric recording, mercury light at 4358 A  being 
used for excitation.
R e s u l t s  a n d  D i s c u s s io n
The spectra obtained in the region 1700-650 cm~^ are shown in Table 1. Bands 
are grouped together, largely empirically, in 23 frequency ranges. In some cases the 
placing of bands in this table is uncertain, but, for the most part, bands in one 
column should be due to the same vibration if this is skeletal, or to similar vibrations 
if  these are CH vibrations. N ot listed in Table 1 are (i) the C— H stretching bands, 
in the range 3100-3000 cm“ ;^ with sodium chloride optics 1-3 bands are seen here, 
with litliium fluoride optics further bands may appear, especially in carbon tetra­
chloride solution ; (ii) overtone and combination bands in the range 2000-1750 cm~i ; 
1-3 bands are normally found here.
In principle, the introduction of N  atoms into the naphthalene system so as to 
preserve in turn the centre of symmetry, the short axis, and the long axis as an axis 
of symmetry (as in e.g. 1,5-, 1,8- and 1,4-diazanaphthalene, respectively) should per­
m it a test of many of the band assignments made for naphthalene [1-4] and quinoline
[5], e.g. by measurement of Raman spectral depolarization ratios. For practical 
reasons given above, the present work falls far short of this. A number of band 
assignments can, however, be made, especially on the basis of the infra-red spectrum 
of 1,4,5,8-tetraazanaphthalene, which has the same high symmetry (D^^) as naph­
thalene. Most of the frequencies observed in this spectrum correspond fairly closely 
with infra-red frequencies of naphthalene-d^-l,4,5,8 [4], but the former spectrum is 
simpler, CD vibration frequencies being absent.
1,4:,5,S-Tetraazanaphthalene
Only three of the eight CH bending vibrations in 1,4,5,8-tetraazanaphthalene are 
infra-red-active: out-of-phase CH/CH scissoring (symmetry species Rg^), one CH 
in-plane rocking motion (Rgu)» all-in-phase CH out-of-plane bending {A J .
[1 1 ] W . L. F . A r m a r e g o ,  J .  Chem. Soc. 4304 (1963).
[12] W . L. F . A r m a r e g o ,  J .  Chem. Soc. 4094.(1962).
[13] A. A l b e r t  and  G. B . B a r l i n ,  J .  Chem. Soc. 5156, 5737 (1963).
[14] A. A l b e r t ,  J .  Chem. Soc. 1790 (1960).
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All the other fundamental infra-red bands below 1700 cm~^ found for C6H4N4-1,4,5,8 
must be due to skeletal vibrations. The skeletal motions in azanaphthalenes are 
practically the same as those in naphthalene. Except for two reversed pairs, the 
numbering of the naphthalene vibrations used here is that of Ch io r b o l i  and 
B e r t o l u z z a  [5], who give vibration diagrams, some of which are reproduced here; 
some others are here given in a revised form.
œ
(An 3) (An 4) (An 6)
%
(A, 8) (A. 9)
20
(B,g 20)
(B2,35)
(B|g 16)
(Bzu 31)
43
(B3,43) (B)u 44)
(B„2I) (B,g 17)
- m
(Bzu36)
i
(Bau 32) 
i
(B 3 u 4 7 (B 3 u 4 8 )
1 1 45D
(Ag 5) ( B 3 u 45)
Fig. 1. A pproxim ate diagram s of the  pure  modes of naphthalene, afte r L ip p e s t c o t t  
and O ’R e i l l y  [1] and  C h i o b b o l i  and B e r t o l u z z a  [5], w ith  the  la tte rs ’ num bering.
The diagram s for v ibrations 3, 4*, 6 , 8 , 9, 21, 17, 43 and 44 have been modified, 
and  the  num bering reversed for th e  pairs 3 and  4, and 6  and 8 . W ith in  each sym ­
m etry  species th e  frequencies are expected to  decrease from  left to  right.
For suggested quantitative vibration diagrams based on normal co-ordinate 
analyses, see S c h m id  [3] and F r e e m a n  and R oss [3].
The C6H4N4~1,4,5,8 frequencies at 1580 and 1473 cm~^ (bands II and IV in 
Table 1) are assigned to skeletal stretcliing vibrations of the type of (35) and (43), 
their counterparts in naphthalene being known [2] to be of species and Rg„ 
respectively ; the doublet 1427 1390 cm"  ^ (VI) to another essentially skeletal
vibration (31), 1297 cm"  ^ to out-of-phase CH scissoring (Rg^), or vice versa; 1187 
cm“  ^ to CH in-phase in-plane rocking (Rg^), 1119 cm-^ (XV) to in-plane skeletal 
deformation of the type of (36) ; 1000 cm~^ to skeletal stretcliing of the type of (44),
* (4 ) is postu lated  to  be a  v ibration  no t involving any  change in  CGC bond angles because it  
appears prom inently  as a  (1380 cm~^) in terval between strong bands in  th e  electronic fiuor- 
escence and  absorption spectra of naphthalene and its  m ethyl derivatives (D. S. M c C l u r e ,  
J .  Chem. Phys. 22, 1668 (1954); H . C. W o l f ,  Z. Naturforsch. Â10, 3, 270 (1955)).
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its counterpart in naphthalene being known to be [2] of species Rg„ ; previous assign­
ments of that band to a CH in-plane bending motion [1,2,4] are not supported by the 
present results ; 907 cm~^ to out-of-plane CH bending, and 884 cm"^ to out-of-phase 
breathing by the two rings (47), or vice versa . An extremely weak band at 1639 cni"^ 
is not attributed to a fundamental vibration.
The alternative which makes 1427 +  1390 cm~^ CH/CH scissoring and 1293 cm~^ 
a skeletal vibration seems unlikely. The CH/CH scissoring frequency in ethylenes 
R C H =C H R ' is in the range 1400-1420 cm~^ [15]; it should be lower in CgH^N^- 
1,4,5,8, the C^ — C^  bonds being more like single than double bonds. However, 
among the compounds examined the frequency of band VI varies over a range of 
50 cm“ ,^ and the vibration involved presumably entails significant CH in-plane 
bending, in general, though not necessarily in CgH^N4-l,4,5,8 itself, as a result of 
mixing with e.g. an all-out-of-phase CH scissoring vibration of the type of (45), to 
which band IX  in the other compounds is tentatively assigned. (In the molecules 
possessing symmetry, i.e. in all the azanaphthalenes examined here except the
1.4-, 1,5-, and 1,8-diaza-, and the 1,4,5,8-tetraaza-derivatives, all in-plane vibrations 
are permitted to intermix ; however, mixing between two vibrations that do not 
possess the same symmetry in naphthalene -will not be important unless their fre­
quencies are quite similar.)
1,6-Diazanaphthalene
The second compound possessing a centre of symmetry studied in this work is
1.5-diazanaphthalene, of point group Cg/i, for which half the vibrations are active 
in the infrared and the other half active in the Raman spectrum. Table 1 shows that 
the rule of mutual exclusion holds for practical purposes ; any forbidden bands that 
may appear are very weak. Apart from a few CH bending bands, all the infra-red 
bands of 1,5-diazanaphthalene can clearly be equated with the 1,4,5,8-tetraaza­
naphthalene bands discussed above. On the basis of the Raman spectrum of 
CgHgNg-l,5 some further assignments can be considered.
Of the five Raman bands in the range 1650-1350 cm~^ two are expected to be 
due to skeletal stretching vibrations of species Ag in  naphthalene, of the type of 
(3) and (4), and two more to skeletal stretcliing vibrations of species B^g (in C^gHg)*, 
of the type of (20) and (16); the very intense band at 1368 cm"^ (VIII in Table 1) 
is clearly one of the A  g type. The band at 1398 cm~^ is of doubtful origin, but is 
more likely to arise from an all-out-phase {Ag) CH in-plane bending vibration of the 
type of (5) than from a skeletal deformation of species B^g (in C^gHg). In order to 
account for the spread of the frequency of band V III among the compounds studied 
(46 cm“ )^, significant mixing between the skeletal A  g vibration and that of the type 
of (5) is postulated here. The band at 1136 cm~^ is assigned to skeletal bending of the 
type of (21), those at 763 and 531 cm~^ to vibrations of the type of (8) {cf. M it r a  
and B e r n s t e i n  [4]) and deformation (9), respectively.
* V ibrations of species A  g an d  in  naph thalene all belong to  species in  1,5-diaza- 
naph thalene.
[15] R . N . J o n e s  an d  C. S a n d o r f y ,  Technique of Organic Chemistry (Ed. b y  A. W eissberger), 
pp . 382-383, Vol. IX  (Ed. b y  W. W est), Interscience, N ew Y ork (1956).
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The naphthalene counterpart of the band at 1045 cm"^, located at 1025 cm“ ,^ 
has been assigned [1, 5] to in-phase breathing by the two rings, even though this 
frequency seems to be greatly reduced in naphthalene-dg, which is hardly expected 
for Ag ring breathing. The present evidence, which suggests that this frequency 
could be absent or displaced in several azanaphthalenes, does not rule out the possi­
bility that a CH in-plane bending vibration [2] or a mixed skeletal/CH vibration 
is involved.
Other polyazanaphthalenes
All the other compounds examined here are of low symmetry, and, except for
1,4- and 1,8-diazanaphthalene, all vibrations are allowed in both the infra-red and the 
Raman spectrum. In the region 1700-650 cm~^ one may expect to find 13 in-plane 
skeletal vibrations (i.e. all except (9), (32), (48), and the vibration here labelled 
(17)), and 12 CH bending vibrations in di-, and 10 in tri-azanaphthalenes, giving a 
total of about 25 fundamental bands for di- and 23 for triazanaphthalenes. The 
number of infra-red bands of appreciable intensity actually observed is usually 
slightly less, the deficiency being in the range 1000-650 cm~^.
The data in the table do not provide a simple criterion for distinguishing between 
predominantly skeletal and predominantly CH vibrations. The former do not 
necessarily fall within narrow ranges, nor the latter necessarily witliin wide ones. 
However, any band observed within a reasonably narrow range for all or most 
compounds is potentially due to a skeletal vibration. The band patterns found by 
K a t r it z k y  and J o n e s  [16] for substituted quinolines in the range 1300-1100 cm~^ 
are not observed here and a frequency range extending higher upwards than those 
authors postulated is preferred for the CH in-plane bending vibrations here.
CH out-of-plane bending vibrations should account for most of the intense bands 
found in the range 1000-650 cm~^. A strong band near 750 cm~^ seems to be associ­
ated with the presence of four adjacent H atoms (presumably vibrating all in phase) 
as in 1,2-disubstituted benzenes [17]. However, no distinct feature seems to be 
characteristic of any particular arrangement of tliree or two, or of isolated H atoms.
[16] A. R .  K a t r i t z k y  a n d  R . A. J o n e s ,  J .  Chem. Soc. 2942 (1960).
[17] Ref. [15], p. 391.
7Preprinted from  the Journal of the Chem ical Society,
October 1965, (997), pages 5360—5365.
997. Quinazolines. Part VII.^ Steric Effects in 4c-Alkyl- 
quinazolines
By W. L. F. A r m a r e g o  and J. 1. C. S m i t h
The cations of 4,5-dimethyl- and 2,4,5-trimethyl-quinazoline, unlike 
the cation of 4-methylquinazoline, are predom inantly hydrated. This 
hydration is shown to take place across the 3,4-double bond as in the cation 
of quinazoline. The proportion of hydrated species in 4-methyl-, 4-ethyl-, 
and 4-isopropy 1-qu inazoline cations increases in th a t order. Both these 
results are explained by overcrowding of the substituents on C-4 and C-5.
Catalytic reduction of 4-alkyIquinazolines to the corresponding 3,4-dihydro- 
derivatives is described together w ith an improved preparation of quinazoline 
itself.
O n e  of the most effective ways to locate the carbon atom (now known to be C-4) involved 
in the covalent hydration of the quinazoline cation was found to be the insertion of a methyl 
group which, when placed on C-4, inhibited the addition of water.  ^ This effect of the methyl 
group has also been successfully used to diagnose the position of hydration in other hetero­
cyclic systems,^ Although both the steric and electronic effects of the methyl group can 
act in inhibiting nucleophilic attack on C-4 in 4-methylquinazoline, it was shown that in 
the quinazolines the former was the major influence.  ^ This conclusion was based on the 
evidence that 4-cyano- and 4-chloro-quinazolines, in which the substituents have elec­
tronic effects opposite to that of a methyl group on C-4, also have predominantly anhydrous 
cations. We investigated further the effect of the 4-alkyl substituent in quinazoline in 
order to confirm this point because of possible objections to the validity of earlier results 
in view of the rapid hydrolysis of 4-chloro- and 4-cyano-quinazolines in acid solution. We 
now report that the cations of 4,5-dimethyl- (I ; R =  R' =  Me, R" =  H) and 2,4,5-trimethyl-
quinazoline (I; R =  R' =  R" =  Me) (where the electronic effect of the 4-methyl group is 
barely altered but in which the steric effect is decreased by intramolecular overcrowding with 
the 5-methyl group) are predominantly hydrated across the 3,4-double bond. We have also 
shown that the amount of hydration in the 4-alkylquinazoline cations increases in the order 
Me, Et, Pff, which, contrary to the order of the electronic and direct steric effects, is in 
accordance with the increased steric interaction of the substituent with C-5 and H-5 of 
the benzene ring.
4:,5-Dimethylquinazoline.—2-Methyl-6-aminoacetophenone, an intermediate common 
to the preparation of 4,5-dimethyl- and 2,4,5-trimethyl-quinazoline, was prepared by 
reduction of the corresponding nitro-compound with a large excess of tin and hydrochloric 
acid. Reduction under conditions used for preparing o-aminoacetophenone  ^gave a high 
yield of a compound, m. p. 82°, which proved to be 3,4-dimethylanthranil (II). Its struc­
ture was deduced from the weak basic properties (pA  ^ —1-22) consistent with those of 
anthranil and 3-methylanthranil, and by the close similarity of the ultraviolet spectra with 
those of the anthranils (see Table). 3,4-Dimethylanthranil, always formed during these 
reductions even with large excesses of the reducing agent, is possibly formed by the buttress­
ing effect on the acetyl group by the 2-methyl group. The aminoacetophenone was then 
acylated and the derivatives heated with ethanolic ammonia to give the required quin- 
azohnes.
The general features of the ultraviolet spectra of the neutral species of 4,5-dimethyl-
and 2,4,5-trimethyl-quinazoline show them to be typical quinazolines. Whereas the 
spectra of their cations in water differ markedly from that of the 4-methylquinazoline 
cation, they are similar to that of the quinazoline cation. In quinazoline itself this was 
shown 2 conclusively to be due to the fomiation of the cation (III; R =  R' =  R" =  H). This 
fact suggested that the cations of 4,5-dimethyl- and 2,4,5-trimethyl-quinazoline, unlike 
the neutral species, are predominantly hydrated. Confirmatory evidence was found in 
their ionisation data. Thus, the difference in basic strength between 4,5-dimethyl- and 
4-methyl-quinazoline (4T6 — 2-83 =  133 p/v units), and 2,4,5-trimethyl- and 2,4-di- 
methyl-quinazoline (4-75 — 3*60 =  IT5) is much larger than would be expected (~0*2 
p/l unit) from inserting a methyl group in the 5-position. For example, a methyl group in 
the benzene ring of quinoline has a base-strengthening effect of 0*2—0*3 p/C^  unit,® also 
a methyl group in the benzene ring of quinazoline is base-strengthening by 0-2 pK unit 
for the anhydrous species.® The large base-strengthening effect observed in the 4,5-dimethyl- 
quinazolines is characteristic of covalent hydration.^ Evidence for the formation of the 
hydrated cations (III; R =  R =  R"= Me) and (III ; R =  R' =  Me, R" =  H) was obtained by 
neutralising solutions of these cations with alkaline buffers using a rapid-reaction apparatus ^  
and observing the rate of change of optical density (first-order rates) of the hydrated neutral 
species at 235 m^. The half-lives at 20° were 28 sec. at pH 9 07 and 31 sec. at pH 9 01 
for 4,5-dimethyl- and 2,4,5-trimethyl-quinazoline, respectively. However, these cations, 
although predominantly hydrated, are less hydrated than the quinazoline cation because 
the ultraviolet spectra show that each has a weak long-wavelength band at ^346 mp 
(see Table) with extinction coefficients of 794 and 676 for the dimethyl and trimethyl 
derivatives, respectively. These bands must be due to a small amount of anhydrous 
cation because their intensities-increased when the spectra were measured in strong acid 
solutions, and reached almost the intensity of the corresponding long-wavelength band of 
the neutral species when the solutions consisted mostly of the mono-cations. By using the 
equation +  log (I r), where r is the ratio of hydrated to anhydrous
species in the cation (see ref. 8), and 3 0 for the pK/"^^ value of 4,5-dimethylquinazoline, 
it is found that the percentage of the hydrated species in the cation is ^90. A similar 
percentage is obtained for the trimethylquinazoline. Conclusive evidence for the structure
(III) is shown by the fact that 2,4,5-trimethylquinazoline is hydrated to the same extent 
as the 4,5-dimethyl compound, which excludes the possibility of water addition across the
1,2-double bond.
‘i-Alky Iquinazolines.—4-Ethyl- and 4-isopropyl-quinazolines were prepared by reaction 
of the appropriate alkyhnagnesium halide and quinazoline to give the 3,4-dihydro-deriva­
tives which were oxidised with potassium ferricyanide as described in the literature.® 
We isolated and anlysed the free bases of both the quinazolines and their 3,4-dihydro- 
derivatives. Previously only the picrates of the former were known, and the dihydro­
compounds had been oxidised without purification.® Similarly, we prepared 4-t-butyl-
3,4-dihydroquinazoline but attempts to oxidise this as above to 4-t-butylquinazoline gave 
quinazoline in over 50% yield, with loss of the t-butyl group. Attempted oxidation 
with potassium permanganate or iodine, or hydrogen transfer with ethyl cinnamate in 
the presence of 5% palladium-charcoal, failed. The reason for this failure was revealed 
by examination of molecular models (Leybold). These showed that the rotation of the 
alkyl group in 4-t-butylquinazoline was largely restricted by H-5 but is less restricted in 
4-isopropylquinazoline ; on the other hand, there was no restricted rotation in the 3,4- 
dihydro-derivatives. Other attempts to prepare 4-t-butylquinazoline failed.
A study of many substituted quinazolines showed ® that the quinazoline cations which 
were a mixture of hydrated and anhydrous species had ultraviolet spectra in which the 
intensity of the long-wavelength band was considerably smaller than that of the long-wave­
length band in the neutral species. Because this band disappeared in the predominantly hyd­
rated cations and was of intensity comparable with that of the corresponding neutral species in 
the predominantly anhydrous cations, a rough estimate was made of the ratio of hydrated 
to anhydrous species in the cations.® An examination of the spectra of 4-methyl-, 4-ethyl-,
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and 4-isopropyl-quinazoline cations revealed that the molecular extinction coefficients 
of the long-wavelength band decreased in the order 2190, 1290, and 1024 (the intensity of 
these bands increased on increasing the acid strength of the solutions). The extinction 
coefficients of this band in the neutral species are 2820, 2955, and 2929, respectively. 
Therefore the percentages of hydrated cation in 4-methyl-, 4-ethyl-, and 4-isopropyl- 
quinazolines are roughly in the order 22, 57, and 65.
The n.m.r. spectra of these quinazoline cations, measured at 33° in aqueous hydrochloric 
acid, revealed a mixture of anhydrous and hydrated cations, but it was not possible to 
measure ratios because the spectra overlapped considerably. Examination of the ultra­
violet spectra of 4-methylquinazolines at 20 and 33° showed that, whereas there was no 
change in intensity of the long-wavelength band in the neutral species, there was an increase 
in intensity of this band in the cation corresponding to an increase of ~5% of anhydrous 
species.
The pJTa (equilibrium) values of the 4-alkylquinazolines (see Table) are in the order 
Me <  Et Pd, and when the above equation is used the percentages of hydrated cation 
agree with those obtained from the spectra. However, the small differences between the 
pAa^ 9 and pAa*™^  ^values discourage more accurate comparisons. It must be pointed out 
that percentages obtained from pK^ values only are more accurate when the amount of 
hydration in the cations is very large.
Catalytic Reduction of 4c-Alky Iquinazolines.—A qualitative study of the reduction of 
quinazoline, 2-methyl-, 4-methyl-, 4-ethyl-, and 4-isopropyl-quinazolines with 5% palla­
dium-charcoal in ethanol under strictly comparable conditions was made. These reduc­
tions were followed spectrophotometrically (see the spectra of these quinazolines and the cor­
responding 3,4-dihydro-deri vatives in the Table and refs. 10 and II), and by paper chromato­
graphy.^® Large differences in rate of reduction (all to 3,4-dihydro-deri vatives) warrant 
comment. Thus, quinazoline and its 2-methyl derivative were quantitatively reduced in 
45 min., but the reduction of 4-methyl and 4-ethyl derivatives was incomplete in 10 hr. 
and complete after 16 hr. On the other hand, 4-isopropylquinazoline was quantitatively 
reduced in 7 hr., i.e., faster than the ethyl and methyl derivatives, and this may be attri­
buted to the larger sp'^  character at C-4 because the molecules are non-planar. There 
was no evidence of the catalyst being poisoned because reduction of oxygen proceeded 
normally on introduction of air into the apparatus after the quinazolines were reduced. 
The important features of these reductions are that the alkyl group at the site of reduction 
considerably lowers the rate, and that the 1,2-double bond is not reduced before the 3,4- 
double bond because in aU cases no tetrahydroquinazolines were formed when the absorption 
of hydrogen had almost ceased.
E x p e r i m e n t a l
Microanalyses were by Dr. J. E. Fildes and her staff. Evaporations were carried out in a 
ro tary  evaporator a t  50 /15 mm. and the pu rity  of m aterials was examined as before.® E th er 
(B.D.H. AnalaR) for reactions was dried over molecular sieves (Union Carbide type 4 A; 100 
g. for 2-5 1.) for 24 hr. before use. E x trac ts  were dried over anhydrous sodium sulphate. 
2-Methyl- and 4-methyl-quinazolines,^ 3,4-dihydro- and 2-methyl-3,4-dihydro-quinazolines,^® 
4 -m ethyl-3 ,4 -dihydroquinazoline,^i and t-butylm agnesium  chloride were prepared as in the 
references cited.
2-Methyl-6-nitrobenzoic Acid.— 2-Amino-3-nitrotoluene was converted into 2-amino-
6 -nitrobenzonitrile by  diazotisation and reaction w ith cuprous cyanide as b e f o r e . T h e  
nitrile (3 0 g.) in sulphuric acid (20 m l.; 62% v/v) was heated a t  100— 110° for 1 hr., poured 
into boiling w ater (75 ml.), decolourised, cooled, and the  precipitate collected, dried, and 
recrystallised from benzene-light petroleum  (b. p. 40— 60°) to  give 2-methyl-6-nitrobenzam ide 
(2 9 g.. 80%), m. p. 158° (lit.,!^ 158°) (Found: C, 53 4; H , 4 4; N, 15 9. Calc, for CgHgNgOg: 
C, 53 3; H, 4 4; N, 15-6%). Conditions previously described gave a ta r. R eduction of the 
amide w ith satu rated  potassium  n itrite  solution as before gave 2 -m ethyl-6 -nitrobenzoic acid 
(90%), m. p. 155° (lit.,14 151— 152°) (Found: C, 53 4; H, 3 9; N, 7 9. Calc, for CgH,NO+ 
C, 53 0; H , 3 9; N, 7-7%).
2-Methyl-O-nitroacetophenone.— 2-M ethyl-6-nitrobenzoyl chloride [4-7 g., prepared from the
acid w ith thionyl chloride and recrystallised from light petroleum (b. p. 60—80°)] in dry ether 
( 2 0  ml.) was added slowly to a stirred ethereal solution of diethyl ethoxymagnesium malonate 
(prepared from 5 ml. of ethyl malonate), refluxed for hr., and decomposed with 4N-sulphuric 
acid. The ethereal layer was separated, evaporated, and the residue in acetic acid (10 ml.), 
water ( 6  ml.), and sulphuric acid (2 ml. ; d T84) was refluxed for 4 hr. After being cooled and, 
basifled with sodium hydrogen carbonate, the solution was extracted with ether and the dried 
extract evaporated. Distillation of the residue gave 2-methyl-O-nityoacetophenone (3 2 g., 70%), 
b. p. 108°/lm m ., and m. p. 37° after sublimation a t 35°/0*5 mm. and recrystallisation from 
light petroleum (b. p. 40—60°) (Found: C, 60-1; H, 4 9; N, 7-7. C9H 9NO3 requires C, 60 3; 
H, 5 1 ; N, 7-8%).
2-Methyl-Q-aminoacetophenone.—To 2 -m ethyl-6 -nitroacetophenone (2  g.) in boiling hydro­
chloric acid (18 ml. ; 1-18) was added tin  (3-6 g.) in small portions and boiling continued until
the metal dissolved. The cooled solution was made strongly alkaline with 5N-sodium hydroxide 
and extracted with ether, and the ethereal solution washed with water and extracted w ith 0 - 1 m -  
sulphuric acid. The acid solution (some anthranil which was always formed remained in the 
ethereal solution because of its weak basic properties) was then basifled w ith N-sodium hydroxide 
and extracted again with ether. The dried extract was evaporated and the residue distilled 
to  give 2-methyl-Q-aminoacetophenone (1-75 g., 90%), b. p. 81°/0-2 mm., and m. p. 60° after sub­
limation a t 50°/0-3 mm. and recrystallisation from light petroleum (b. p. 60— 80°) (Found: 
C. 72-3; H, 7-4; N, 9-3. CgH^NO requires C, 72-3; H, 7-4; N, 9-4%).
3,4-Dimethylanthranil.— 2-Methyl-6-nitroacetophenone (0-16 g.) in acetic acid (3 ml.) was 
treated  with tin  (0-5 g.) and refluxed for 1 hr., cooled, basifled with sodium hydrogen carbonate, 
and extracted with chloroform. The residue from the extract was sublimed a t 75°/0-3 mm. 
and recrystallised from light petroleum (b. p. 60—80°) to give 3,4-dimethylanthranil (0-1 g., 78%), 
m. p. 82° (Found: C, 73-4; H, 6-1; N, 9 4. C9H 9NO requires C, 73-45; H, 6 -1 ; N. 9-5%).
When o-nitroacetophenone was reduced as above, 3-methylanthranil (80%), b. p. 91°/1 mm. 
(lit.,'® 117°/15 mm.) was obtained. Similarly o-nitrobenzaldehyde gave anthranil (20%), 
b. p. 75°/l mm. (lit.,''^ 93°/9 mm.).
2.4.5-Tyimethylquinazoline.—2-Methyl-6-aminoacetophenone (1-5 g.) in dry pyridine (5 ml.) 
a t  5° was treated  w ith acetyl chloride (0-95 ml., 1-2 equiv.) and kept a t room tem perature for 
1 hr. W ater (20 ml.) was added and the solution extracted with chloroform. The residue from 
the dried extract was sublimed a t 80°/0-5 mm. and recrystallised from light petroleum (b. p. 
60— 80°) to give 2-methyl-O-acetylaminoacetophenone (1-3 g., 80%), m. p. 97° (Found: C, 69-0; 
H, 7-2; N, 7-4. CnHigNOa requires C, 69-1; H, 6-85; N, 7-3%). The acetyl derivative (0-8 
g.) in saturated ethanolic ammonia (20 ml.) was heated in a sealed tube a t 130° for 5 hr., the 
solvent evaporated, and the residue sublimed a t 70°/0-3 mm. and recrystallised from light 
petroleum (b. p. 60—80°) to  give 2,4,5-tyimethylquinazoline (0-52 g., 70%), m. p. 83° (Found: 
C, 76-5; H, 6-7; N, 16-1. CnHigNg requires C, 76-7; H, 7-0; N, 16-3%).
4.5-Dimethylquinazoline.— 2-Methyl-6-aminoacetophenone (0-2 g.) and anhydrous formic 
acid (0-06 g.) was boiled for 15 min., evaporated, and distilled, b. p. 170— 180°/1 mm. This, 
in ethanolic ammonia as above, gave 4,5-dimethylquinazoline (0-12 g., 50%), m. p. 8 8 °, which was 
hygroscopic (Found: C, 75-1; H, 6 -8 ; N, 17-4. requires C, 75-1 ; H, 6-4; N,
17-5%).
4-t-Butyl-3,4-dihydyoquinazoline.—t-Butylmagnesium chloride (from 27 ml. of t-butyl 
chloride and 6-1 g. of magnesium in 130 ml. of dry ether) was added slowly to a stirred solution 
of quinazoline (6-5 g.) in dry ether (50 ml.) and the sludge boiled for 1 hr. then kept a t 20° 
overnight. The m ixture was decomposed with 20% aqueous sulphuric acid, the ether separated, 
and the aqueous layer basifled and extracted with chloroform. Evaporation of the extract 
gave a pasty  residue which was treated  w ith an excess of saturated ethanolic picric acid. The 
picrate, which finally solidified, was collected and recrystallised from methanol to give 4-t- 
hutyl-3,4-dihydyoquinazoline picrate (7-0 g., 35%), m. p. 190— 191° (Found: C, 52-0; H, 4-5; 
N, 16-9. C18H 19N 5O7 requires C, 51-8; H, 4-6; N, 16-8%). This was decomposed in the usual
m anner "  and 4-t-butyl-3,4-dihydroquinazoline, b. p. 141— 143°/0-2 mm. (25% overall yield) 
was isolated as a thick hygroscopic oil which solidified on standing (Found : C, 76-5; H, 8-5; 
N, 14-7. C12H 19N 2 requires C, 76-55; H, 8 -6 ; N, 14-9%).
Reactions similar to the above bu t w ith 1-2 equivalent of alkyhnagnesium halide gave: 
4-ethyl-3,4-dihydroquinazoline picrate (36%), m. p. 192— 194° (Found: C, 49-35; H, 4-0; N,
18-2. CieHigNgO, requires C, 49-4; H, 3-9; N, 18-0%) and 4-ethyl-3,4-dihydroquinazoline 
(34% overall yield), b. p. 138°/0-5 mm. (Found: C, 74-7; H, 7-5; N, 17-3. requires
c , 75-0; H, 7 55; N, 17-5%); and 3,4-dihydro-4-isopropylquinazoline picrate, m. p. 139— 140 
and 160° (dimorphic, 52% yield) (Found: C, 50 3; H, 4-1; N, 17 7. C17H 17N 5O7 requires C, 50 6 ;
H, 4 25; N, 17-4%) and 3,4-dihydro-4-isopropylquinazoline (43% overall yield), b. p. 152— 154°/ 
0-6 mm. (F ound: C, 75-8; H. 8-0; N, 16-2. C^Hi^No requires C, 75-8; H, 8 -1 ; N, 16-1%). 
The bases were stored as their more stable picrates from which they were liberated and distilled 
before use.
4-Ethylquinazoline.— 4-Ethyl-3,4-dihydroquinazoline (1-43 g.) in benzene (75 ml.) and po tas­
sium ferricyanide (9 g.) in potassium  hydroxide solution (5 g. in 38 ml. water) were shaken 
a t  room tem perature for 3 hr. The benzene layer was dried and passed through an alum ina 
column and the residue from the eluate distilled to  give 4-ethylqiiinazoline (0-68 g., 48%), b. p. 
94— 96°/0-6— 0-7 mm., m. p. 15— 16° (Found: C, 76-15; H, 6-4; N, 17-5. CjoH^oNo requires 
C, 75-9; H, 6-4; N, 17-7%).
A sim ilar oxidation gave 4-isopropylquinazoline (65%), b. p. 96°/0-7 mm. (Found: C, 76-4; 
H, 7-0; N, 16-2. requires C, 76-7; H, 7-0; N, 16-3%). The picrates of 4-ethyl-
and 4-isopropyl-quinazolines had m. p.s as described in the literature.®
Catalytic Reduction o f Quinazolines.—The quinazolines (5 x  10'^ mole) in ethanol (10 ml.) 
and 5% palladium -charcoal (50 mg. by the formaldehyde method) were hydrogenated a t 
20° and 710— 720 mm. in a  m icro-apparatus. Aliquot portions were w ithdraw n a t intervals 
and examined both  spectrophotm etrically and by paper chrom atography. At the end of the 
reductions the  cata lyst and solvent were removed and the 3,4-dihydro-derivatives were con­
verted  into the picrates which did not depress the m elting points of au thentic samples.
Quinazoline.— 4-Chloroquinazoline (73 g., 1 mole) in chloroform (140 ml., B .P. grade) 
was trea ted  w ith  a warm solution of toluene-^-sulphonylhydrazine (82-7 g., 1 mole) in chloro­
form (250 ml.) and set aside overnight a t 20°. The hydrazino-derivative th a t separated was 
filtered off and dried in air. This was added w ith stirring during 1 hr. to  an aqueous solution 
of N-sodium hydroxide (3500 ml.) in a beaker containing powdered glass wool (1 g.) a t  85— 90°, 
and m aintained a t  th is tem perature for 2 |  hr. until nitrogen evolution ceased. The solution 
was cooled by addition of crushed ice (500 g.), filtered, and ex tracted  w ith chloroform (4 X 500 
ml.). The dried ex tract was evaporated to  dryness and the residue (in benzene) was passed 
through an alum ina column (10 x 1 in., B.D.H.) and eluted w ith benzene. D istillation of the 
residue from the eluates gave quinazoline, b. p. 121— 122°/19— 20 mm, (35 g., 60%), which 
crystallised on cooling, m. p. 47— 48° (lit.,'® b. p. 120— 121°/17— 18 mm., m. p. 48°) (Found: 
C, 73-6; H, 4-7; N, 21-0. Calc, for CgHgN^: C, 73-8; H. 4-65; N, 21-5%).
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9. ESR.-Spektren des Radikal-Anions des 1,4,5,8-Tetraazanaphtalins 
von F. G erson') iind  W. L. F. A rm arego  
(14. XT. 64)
Vor kurzem wurde fiber eine neue Darstellungsmethode des 1,4,5,8-Tetraaza- 
naphtalins (I) sowie fiber einige seiner physikalisch-chemischen Eigenschaften berich- 
tet [1]. Das Radikal-Anion von I sobte eine relativ einfache ESR.-Hyperfeinstruktur 
(9x5  =  45 Linien) aufweisen, falls die Symmetrie Dgn der neutralen Molekel in ihm 
erhalten bleibt.
8 1
a . 3
Nachstehende Figur zeigt drei ESR.-Spektren des Radikal-Anions von I, die im 
gleichen MaBstab fibereinander abgebildet sind®). Die einzelnen Spektren unterschei- 
den sich in den Aufnahmebedingungen, d. h. in der Art des Losungsmittels und des 
Gegenions.
Das Radikal-Anion, dessen Spektrum in der Figur mit A markiert ist, wurde elek- 
trolytisch in N, N-Dimethylformamid-Losung mit Tetraathylammonium-perchlorat 
als Leitsalz erzeugt. Die Hyperfeinstruktur dieses Radikal-Anions ist in Übereinstim- 
mung mit der Symmetrie und lasst sich mittels zweier Kopplungskonstanten
% =  3,37 ±  0,04 und =  3,14 dz 0,04 Gauss ,
die ffir die vier aquivalenten Stickstoffkerne und ffir die vier aquivalenten Protonen 
gelt en.
Von den 45 zu erwartenden Linien sind im Spektrum A deren 41 erkennbar. Die fehlenden 
vier Komponenten schwacher Intensitat, darunter zwei an beiden Enden des Spektrums, konnten 
durch die Verwendung hoherer Radikal-Konzentration sichergestellt werden.
Die Radikal-Anionen, deren Spektren in der Figur mit B und C bezeiclmet sind, 
wurden hingegen durch eine Reduktion von I mit Kalium (B) bzw. Natrium (C) in
1,2-Dimethoxyâthan-Lôsung dargestellt. Diese Spektren weisen eine kompliziertere 
Hyperfeinstruktur auf als das Spektrum A. Leicht erkennbar sind jeweils vier Linien 
annâhernd gleicher Intensitat, am deuthchsten im Mittelteil der Spektren. Zu einer 
solchen Aufspaltung konnen nur die Kerne der Alkalimetalle und ®^Na Anlass 
geben, deren Spin-Quantenzahl I  =  3/2 betragt (natfirliche Haufigkeit: 93 bzw. 
100 Proz.). Die zugehorigen Kopplungskonstanten sind:
=  0,20 0,01 und =  0,95 di 0,02 Gauss .
') Laboratorium fur organische Chemie der Eidg. Technischen Hochschule, Zürich. 
2) Department of Medical Chemistry, Australian National University, Canberra.
®) Die Spektren wurden mittels cines VARiAN-Spektrometers V-4502 aufgenommcn.
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W ie aus der F igur ersichtlich , scheinen sich die K op p lu n g sk o n stan ten  der S ticksto ffkerne und  
der P ro to n en  in den S pek tren  B und  C n u r w enig von jenen  zu un terscheiden , die im  S p ek tru m  A 
gem essen w urden. Die A nzahl und  re la tiv e  In te n s ita t  der H yperfe in lin ien  in B und  C leg t jedoch 
die V erm u tu n g  nahe, dass h ier von den v ier S ticksto ffkernen  und  den v ier P ro to n en  n u r je  zwei 
a q u iv a le n t sind. Dies w urde d a ra u f hinw eisen, dass sich die S ym m etrie  des R ad ika l-A nions von 
D2h auf Cgv red u z ie rt h a t. L eider e r la u b t die A uflosung der S pek tren  B und  C n ich t, die ind iv iduel- 
len K op p lu n g sk o n stan ten  der S ticksto ffkerne und  der P ro to n en  genau zu bestim m en.
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H
‘Na
ESR.-Spektren des Radikal-Anions des 1,4,5,8-Tetraazanaphtalins
L osungsm itte l Gegenion *) A ufnahm e-
tem p.
K o pp lungskonstan ten  in G auss
A) N, N -D im ethy lfo rm am id N (E t)® +  25° =  3,37 a \i =  3,14
B) 1 ,2 -D im eth o x y ath an K® - 5 0 ° «K =  0 ,2 0
C) 1 ,2 -D im eth o x y ath an Na® +  25° «Na =  0,95
♦) E t =  A thyl.
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Bei einer Senkung der Temperatur von +25° auf — 70° andert sich die Hyperfeinstruktur in 
B und C nur unwesentlich. Die beobachteten geringen Unterschiede miissen von kleinen Schwan- 
kungen in den Kopplungskonstanten der Stickstoffkerne und/oder der Protonen herriihren, da die 
Werte von und a^a im bctreffenden Temperaturbereich praktisch konstant bleibcn.
Diskussion der K esu lta te . -  Assoziatioii. DasAuftreten einer Hyperfeinaufspal- 
tung, die vom Kem eines Alkalimetalls herriihrt, konnte bereits von an deren Autoren 
in ESR.-Spektren von Radikal-Anionen beobachtet werden, welche sich aus aroma- 
tischen Kohlenwasserstoffen [2] [3] oder ihren Azaderivaten [4] bei der Reduktion mit 
Natrium oder Kalium in Tetrahydrofuran-Losung bildeten. Die zusatzliche Aufspal­
tung WTirde den -^Na- [2] [4] bzw. den ^^K-Kernen [3] zugeordnet.
Es besteht kein Zweifel, dass in solchen Losungen die Radikal-Anionen mit ihren 
Gegenionen assoziiert sind. Dies geht auch aus den Arbeiten von H o i j t i n k ,  D i e l e -  
M A N  &  B u s c h o w  [ 5 ]  hervor, die eine derartige Assoziation durch Leitfahigkeitsmes- 
sungen und durch Aufnahme von Elektronenspektren untersuchten. Wie erwartet, 
hatte eine Erhohung der Dielektrizitatskonstante (DK) der Losung, sei es durch Ver­
wendung eines polareren Losungsmittels, sei es durch Abkiihlen des Messgutes, einen 
Riickgang der Assoziation zur Folge [2] [5].
Eine wichtige Ausnahme von dieser Regel stellen Tetrahydrofuran (DK =  7,6 bei 20° [6 ]) 
und 1 , 2 -Dimethoxyathan (DK =  3,5 bei 20° [6 ]) dar. Obwohl die DK des 1,2-Dimethoxyathans 
tiefer ist als die DK des Tetrahydrofurans, Hess sich in den oben erwahnten Fallen [2 bis 4] keine 
-Mkalimetall-Aufspaltung mehr beobachten, wenn s ta tt  des Tetrahydrofurans Dimethoxyathan als 
Losungsmittel verwendet wurde. Eine plausible Erklarung dieses Verbal tens ist vielleicht in der 
verschiedenartigen Solvatisierung der Alkalimetall-Kationen zu finden. Die Solvate in Dimethoxy­
athan sollten stabiler sein als jene in Tetrahydrofuran, da die Molekel des ersteren der beiden 
Losungsmittel zwei Sauerstoffatome im giinstigen Abstand aufweist, die es ihr erlauben, mit dem 
Kation ein Chelat zu bilden. Eine solche Solvatisierung des Kations miisste sich in einer Zuriick- 
drangung der Assoziation mit dem Radikal-Anion auswirken.
Im Gegensatz zum Einfluss des Losungsmittels auf die Assoziation geniigen die 
Ergebnisse bisheriger Untersuchungen nicht, um mit einiger Sicherheit analoge Aus- 
sagen iiber den Einfluss der Art des Kations zu machen.
Relativ stabile Assoziate sind fiir jene Radikal-Anionen zu erwarten, die eine liohe 
Elektronendichte an Stickstoff- oder Sauerstoff-Zentren besitzen. Solche Assoziate, 
die auch in 1,2-Dimethoxyâthan-Lôsung und bei tieferen Temperaturen bestandig 
sind, wurden fiir die Radikal-Anionen der Nitro-Verbindungen [7] [8] und des Azo- 
benzols [9] beobachtet. Eine Dissoziation liess sich in diesen Fallen erst dann errei- 
chen, wenn relativ polare Losungsmittel wie Dimethylformamid (DK =  37,7 bei 20°
[6]) oder Acetonitril (DK =  37,5 bei 20° [6]) verwendet wurden [8] [10].
II
0  , K®
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Im Radikal-Anion des 1,4,5,8-Tetraazanaphtalins (I) sind die Voraussetzungen 
fiir die Bildung eines besonders stabilen Assoziats vorhanden, da sich die einsamen 
Elektronenpaare zweier Stickstoffatome von I so an der Bindung des Kations betei- 
ligen konnen, dass ein stabiler Komplex II entsteht.
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Die experimentellen Resultate sprechen eindeutig dafiir, dass die ESR.-Spektren 
H und C solchen Komplexen II zuzuordnen sind, wahrend das Spektrum A jenes des 
nicht assoziierten Radikal-Anions darstellt.
Spindichteverteihmg. Vergleicht man die Kopplungskonstante des Radikal- 
Anions des Naphtalins mit der entsprechenden Konstante =  «h des Radikal- 
Anions von I, so stellt man eine Zunahrne der Spindichte Og an den .'r-Elektronen- 
zentren 2, 3, 6 und 7 test (gg =  1,83; =  3,14 Gauss). Eine solche Zunahme
wird von HMO-Modellen wiedergegeben, in denen das CouLOMB-Integral der 
Stickstoffzentren 1, 4, 5 und 8 gleich a +  P, mit >  0, gesetzt wird.
Die Quadrate der Koeffizienten und c^ g des untersten antibindenden HMO’s 
des Naphtalins:
Va ^ a l (0 1  +  0 4  — 0 5  “  0 s )  ~  ^a2 (0 2  +  0 3  ~  0 6  ~  0 ? )
liefern eine sehr gute Naherung fiir die Spindichten und pg, die man fiir das Radikal- 
Anion des Naphtalins beobachtet (p^  % ch  =  0,181; pg % =  0,069).
Aus der Relation : / ,
^ a2  I  ^ a2  “  ^ 2  I  ^ 2
(worin sich die gestrichenen Grossen auf das Radikal-Anion von I beziehen) kann je- 
ner Koeffizient c'g =  0,3436 bestimmt werden, dessen Quadrat Ca|= 0,118 eine 
ebenso gute Naherung fiir die Spindichte pg sein diirfte. Es lasst sich leicht zeigen, 
dass dieser Wert dann erhalten wird, wenn man den Parameter fiir das
CouLOMB-Integral =  a 4- gleich 0,89 setzt. Das zugehorige Quadrat c'f =  cfx
betragt 0,132.
Da, entsprechend einer empirisch gefundenen Naherungsformel % =  Qn ' Px, die 
Stickstoff-Kopplungskonstante der Spindichte px ungefahr proportional sein soli
[11], kann mit px ~  =  0,132 eine unabhangige Schatzung von =  25,5 Gauss
vorgenommen werden. Die beiden Stickstoff-Parameter (h  ^ =  0,89 und =  25,5
Gauss) sind mit dem Ergebnis analoger Berechnungen im Einklang [11].
Die experimentellen Daten und die HMD-Werte fiir die Radikal-Anionen des 
Naphtalins und des Tetraazaderivates I sind in der folgenden Tabelle zusammengestellt.
Die Kopplungskonstanten a^ {in Gauss) und die HMO-Spindichten w c |^  der Radikal-Anionen 
des Naphtalins und seines 1,4,5,8-Tetraazaderivates I
‘Naphtalin Tetraazaderivat I
aj == 4,95») c l,  =  0,181 «x =  3,37 c“n —■ ^al “  0,132* )^
«2 =  1,83») =  0,069 «H =  3,14 < 1  =  0,118h)
»') bestimmt aus einer Neuaufnahme des Spektrums (Losungsmittel: 1 ,2-Dimethoxyathan ;
Temperatur: -7 0 ° ; Gegenion: Na®; vgl. Tab. 1 der Ref. [12]).
*^) berechnet mit ax =  « + 0,89/9 (vgl. Text).
Zum Schluss soil noch versucht werden, ausgehend von den gemessenen Kopp­
lungskonstanten «K =  0,20 und «Na =  0,95 Gauss, die Spindichten p  ^ und pxa an 
den Alkalimetall-Kationen zu bestimmen, die mit den Radikal-Anionen von I in 
Komplexen II assoziiert sind. pi< und px& lassen sich mittels der Beziehungen
=  Ç k  ■ P k  B n d  =  ? N a  ■ P N a
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bereclinen, wobei fiir miO Pxa die Werte 82,8 bzw. 316 Gauss verwendet werden
[13]. Die so erhaltenen Spindichten betragen:
Pk ~  0,0024 und p^ a ~  0,0030 .
In beiden Fallen diirfte somit der Anted der Alkalimetall-Kationen an der Gesamt- 
spindichte ungefahr gleich sein.
W ir d a n k e n  H errn  P ro f. R . N . A d a m s  (U n iv e r s ity  o f  K a n sa s , L a w ren ce) fiir  se in e  M ith ilfe  b e i  
d er  e le k tr o ly t is c h e n  R e d u k t io n  d e s  1 , 4 , 5 , 8 -T e tr a a z a n a p h ta lin s .
D ie  A r b e it  w u rd e  v o m  S c h w e iz e r is c h e n  N a t io n a l f o n d s  (P r o je k t  2 7 66) u n te r s t i i tz t .
S U M M A R Y
ESR spectra of the radical anions obtained from 1,4,5,8-tetraazanaphthalene by 
electrolytic and chemical reduction have been recorded. The hyperfine structure of 
the clectroly ticallyv generated anion (solvent: N, N-dimethylformamide ; counter-ion : 
tetraethylammonium) is that of an unassociated species, whereas evidence of strong 
ion-pairing can be derived from the spectra of the chemically prepared anions (sol­
vent : 1,2-dimethoxyethane; counter-ion: K® or Na®).
Laboratorium fiir organische Chemie 
der Eidg. Technischen Hochschule, Zürich
Department of Medical Chemistry, 
Australian National University, Canberra
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220. Quinazolines. Part VI.^ 2,2'- and 4,4:'-Biquinazolinyls.
By W. L. F. Armarego and R. E. Willette.
Quinazoline and 2 -methyIquinazoline react w ith aqueous sodium cyanide 
to give 4,4'-biquinazolinyl and its 2,2'-dim ethyl derivative bu t 4-methyl- 
quinazoline does not dimerise in this way. In  aqueous solution the cation of 
4,4'-biquinazolinyl is predom inantly hydrated  across the 3,4- and 3',4'-double 
bonds. The cation of the 2,2'-isomer is anhydrous and this is explained by 
coplanarity of the molecule.
Addition of nucleophilic reagents such as sodium bisulphite and hydrogen cyanide 
to quinazoline gives 3,4-dihydroquinazolinium-4-sulphonate and 4-cyano-3,4-dihydro- 
quinazoline. We find that quinazoline reacts differently with aqueous sodium cyanide 
followed by gentle oxidation, to give a nitrile-free product m. p. 245—246°.* The mole­
cular weight, chemical analysis, and infrared spectra suggested that it was a biquinazo- 
linyl, and we shall show that it is the 4,4'-isomer.
The ultraviolet spectrum of the neutral species in water closely resembles that of 
quinazoline. This spectrum is only slightly shifted at pH 0, but when the species is kept 
in acid the spectrum altered considerably: the peak at 321 mp moved to 271 mp. The 
spectral changes are reversed on neutralisation. Similar changes in spectrum occur with 
quinazoline although in acid solution they take place much more rapidly. In quinazoline 
these were shown to be due to covalent addition of water across the 3,4-double bond in the 
c a t i o n . T h e  neutral species of the biquinazolinyl in water is anhydrous, for the ultra­
violet spectra in water and cyclohexane are similar. Covalent addition of water in the cation 
was confirmed by the following experiments : (a) The spectrum in anhydrous dichloroacetic 
acid had a peak at 321 mp similar to that found in the anhydrous neutral molecule but 
absent in the hydrated cation (cf.®). (b) Measurement of the ultraviolet spectra in solutions 
of increasing acid strength (decreasing water activity), after equilibration, showed that at 
high Hq values the spectrum of the anhydrous cation was obtained. This spectrum was 
stable for four hours and was very similar to that of the cation formed immediately on 
acidifying a solution of the neutral species (cf. )^. (c) When a neutral solution was acidified,
the rate of change of optical density observed at a suitable wavelength (320 mp) showed 
that hydration of the cation followed first order kinetics (^  ^ 2-7 min. at 20° and pH 0 39) 
and was acid catalysed (cf. )^. Attempts to measure the ionisation constant of the bi­
quinazolinyl gave p/\a values of ~1 for the anhydrous species and -^-4 for the hydrated 
species but the spreads were very large caused by overlapping of the pKg, values.
H OH 
H (IV)
The biquinazolinyl has formula (1 ; R =  H) because the other two possibilities (II ; 
R =  H) and (111; R =  H) were excluded by chemical and spectroscopic evidence. Oxid­
ation of the biquinazolinyl gave a 50% yield of 4-hydroxy quinazoline, whereas oxidation 
of (111; R =  H) would have produced 2- and/or 2,4-dihydroxy quinazoline whose pro­
perties are well known. Thus (111 ; R =  H) was excluded by comparison with an indepen­
dently synthesised specimen. As with quinazoline, 2-methylquinazoline and sodium cyanide 
gave a high-melting compound which behaved similarly to the product from quinazohne.
* T. Higashino informed us that he had prepared this compound in 1956 but did not estabhsh its 
structure.
4-Methylquinazoline, however, was unchanged after 1 week of the same treatment. This 
observation supports formulæ (I ; R =  H) and (I ; R =  Me) for the products from 
quinazoline and 2-methylquinazoline, respectively, and was confirmed by nuclear magnetic 
resonance spectra (see below). No reaction was observed when quinazoline was kept at 
pH 12 (the pH equal to that of the original cyanide solution) for 4 days, proving that it 
was not the hydroxyl ions that brought about the condensation. The reaction may well 
be of the benzoin type followed by ready oxidation to the fully aromatic system. All 
attempts to prepare 4,4'-biquinazolinyl by reaction of 4-chloroquinazoline with copper 
bronze, reduction with chromons chloride, or by synthesis from oo'-dinitrobenzil were 
unsuccessful.
T a b l e  1.
U l t r a v io l e t  s p e c t r a  o f  b iq i i in a z o l in y l s  ( in  H ^O  a t  2 0 ° ) .
Compound Species “ A^ ax. (mp) log e pH or
4,4'-Biquinazolinyl N 22Z + 245\ 284; 319 4 50 -j- 3 61; 3 88 — *
N 21S + 230; 253; 321 4-70-f 4-59; 3-95; 3 83 8
AC 321 3 89 -0 -9
H C ‘= 271 4- 292 3 94 -f- 3-78 0
2,2'-Dimethyl-4,4'- N 215-5 +  227; 250; 322 4-81 +  4 (57; 4-05; 3-88 — »
biquinazolinyl N 221 +  259; 280; 327 4-74 +  3-84; 3-67; 3-85 8
A C  225; 317 4-51; 3-85 0
HC « 270-5 +  286 3-98 +  3:83 0
2,2'-Biquinazolinyl N 227 +  256; 300-5 4-29 +  4-78; 4-11 — /
N 239 +  259; 309 4-34 +  4-81; 4-09 8
AC 252-5; 31? 4-54; 4-11 0
4,4'-DimethyI-2,2'- N 250; 294 4-73; 4-43 — /
biquinazolinyl N 224 +  257; 308 4-23 +  4-70; 4-02 8
AC 233 +  267; 320 4-29 +  4-62; 4-10 0
2,2'-Biquinolinyl N 22(5-5 +  252 +  235; 392 +  4 - 2 3 4 - 7 2  + 4-8S; 4-22 +  — *
312 +  324 +  339 4-28 +  4-34 +  4-26
N 256; 329 4-77; 4-27 8-3 '
AC 263-5 +  290 +  300; 354 4-60 +  3-84 +  3-78; 4 39 0
“ N =  neutral species, HC =  hydrated di-cation, AC =  anhydrous di-cation. Although the 
p4va values are not known, a study of the spectra at various pH values indicated that the above are 
almost pure species. * Cyclohexane. ® After equilibrating for 1 hr. In dichloroacetic acid. 
« Measured after 3 min. of mixing. ^ 2% Ethanol free chloroform in cyclohexane. In 25% 
aqueous ethanol. Inflexions are in italics.
The large hypsochromic shifts of the ultraviolet spectra on protonation in 4,4'-bi- 
quinazolinyl (50 mp, compare 45 mp for quinazoline )^ and 2,2'-dimethyl-4,4'-biquinazol- 
inyl (57 mp, compare 52 mp for 2-methylquinazoline )^ strongly indicate that the cations 
are predominantly hydrated (>90%) across the 3,4- and 3',4'-double bonds. A 4-methyl 
group in quinazoline decreases considerably the extent of hydration in the quinazoline 
cation; an effect which was proved to be mainly steric. Hydration in the cations of 
(I; R =  H) and (1 ; R =  Me) is thus explained by the size of the 4-substituent whose 
rotational motion is restricted by the 5,5'-hydrogen atoms and the lone electron pair on 
N-3 and N-3', an obstruction which is greatly relieved by hydration [i.e., by the carbon 
atoms at positions 4 and 4' becoming tetrahedral). This steric effect, which favours 
hydration in the cations (a nucleophilic attack at position 4) is reinforced by the strong 
electron attracting property of the 4-substituent.
For comparison, 2,2'-biquinazolinyl (111; R =  H), and 4,4'-dimethyl-2,2'-biquinazol- 
inyl (111; R =  Me) were synthesised from the corresponding A'iV'-(di-o-acylphenyl)- 
oxanilides with alcoholic ammonia at 135—140° in high yields. In these examples also an 
examination of the ultraviolet spectra at various pH values indicated that the spectra of 
the neutral species were formed above pH 8 and the protonated species below pH 0-5, but 
accurate pA"a values could not be obtained because of overlap. The spectra of the neutral 
species of the 2,2'-biquinazolinyls showed a band at ~260 mp and one at —310 nip (see 
Table 1) and protonation only caused systematic shifts of both bands, none of which was 
typical of quinazohne. This difference from quinazohne was not due to hydration in 
both the neutral species and cations because the spectrum of (111; R =  H) in cyclo-
hexane w as sim ilar to  th a t  o b ta in ed  in aqueous solution. R ap id  reaction  techn iques  ^
confirm ed th a t  th e  cations were anhydrous.
T he u ltrav io le t sp ec tra  of th e  4 ,4 '-b iqu inazo liny ls resem ble those of l ,T -b in a p h th y l 
an d  4 ,4 '-b iqu ino liny l in th a t  th e y  are sim ilar (except for larger e values in  each case) to  
quinazoline, n a p h th a le n e /  an d  quinoline,® respectively . In  b in ap h th y ls  an d  biquinoliny ls 
th is  s im ilarity  has been a ttr ib u te d  to  re s tr ic ted  ro ta tio n  ab o u t th e  1,1'- an d  th e  4 ,4 '-bonds; 
th e  tw o halves of th e  m olecules are n o t cop lanar, an d  th e  tw o chrom ophores are n o t h igh ly  
con ju g ated  w ith  one an o th e r an d  hence give a  spec trum  sim ilar to  each chrom ophore. 
In  th e  la t te r  case th is  was conclusively p roved  b y  reso lu tion  giving th e  op tically  ac tive  
forms.®'^ T he n eu tra l species of th e  2 ,2 '-b iqu inazo liny ls also resem ble those of 2 ,2 '-b i- 
n a p h th y l  ^ an d  2 ,2 '-b iqu ino liny l (see T ab le 1 ) because th e y  are all cop lan ar an d  in  th is  
respect are different from  th e  above isom ers. T hey  all show an  in tense  b a n d  in th e  250—  
260 m(jL region (and a  less in tense  b an d  in  th e  305— 315 m{x region) w hich has been called 
th e  “ con jugation  b an d  " an d  in 2 ,2 '-b in ap h th y l was a t tr ib u te d  to  con jugation  betw een 
th e  tw o halves of each m olecule th ro u g h  th e  jo in ing  b o n d /  I t  is n o t su rpris ing  therefo re 
to  find th a t  4 ,4 '-b iqu inazo liny l ca tion  is h y d ra te d  because it  lacks com plete con jugation , 
b u t th a t  2 ,2 '-b iqu inazo liny l gives an  anh y d ro u s cation . H y d ra tio n  across th e  3,4- an d  
3 '4 '-doub le  bonds in th e  la t te r  w ould involve th e  d isrup tion  of a h igh ly  con jugated  system . 
In  co n tra s t w ith  th e  colourless 4 ,4 '-b iquinazolinyls, th e  2 ,2 '-isom ers are  yellow.
T able 2.
Nuclear m agnetic resonance spectra in CDCI3 a t  40°.
8 -Values (p.p.m.) “ for protons
!  ^ '
Compound Heterocyclic ring Me Aromatic
Quinazoline ...............................................  (1)9-51; (1)9-37 — (4) 8-3—7-5
Quinazoline cation * ...............................  (1)8-35; (1) G-42 — (4) 7-7—7-2
2-Methylquinazoline ...............................  (1) 9-55 (3) 3-02 (4) 8-3—7-5
4-Methylquinazoline ...............................  (1) 9-34 (3) 2-87 (4) 8-3—7-5
2,4-Dimethylquinazoline  — (3) 2-86; (3) 2-81 (4) 7-8—7-3
4,4'-Biquinazolinyl ...................................  (2) 9-57 — (8 ) 8-3—7-5
2,2'-Dimethyl-4,4'-biquinazolinyl  — (6 ) 3-03 (8 ) 8-3—7-5
2,2'-Biquinazolinyl ...................................  (2) 9-73 — (8 ) 8  5—7-5
4,4'-Dimethyl-2,2'-biquinazolinyl  — (6 ) 3-18 (8 ) 8-3—7-5
“ TetramethyIsilane as internal stand a rd ^  Figures in brackets indicate the integration for the 
number of hydrogen atoms. * In 10°/^pfnfluoroacetic acid with sodium trimethylsilylpropane 
sulphonate as internal standard.
N uclear M agnetic Resonance Spectra .— T he sp ec tra  of four quinazolines and  four bi- 
qu inazolinyls were m easured  an d  are recorded  in T a b l e ^  / T he 2- an d  4-hydrogen  a tom s 
in qu inazoline absorb  a t  low field an d  th e  peaks a r e ^pR t ( /  — 8-4 c/sec.'^. T he spec trum  
of quinazoline in  1 0 °^ trif iu o ro a ce tic  acid  is a lte red  an d  is in  agreem ent w ith  th e  fo rm ation  
of th e  h y d ra te d  (covalent) ca tion  (IV). One of th e  tw o peaks a t  low field m oves upfield 
to  8  == 6-42 p .p .m ., an d  is u n d o u b ted ly  caused b y  th e  4-hydrogen atom  whose env ironm en t 
has a lte red  com pared  w ith  th a t  found in a s a tu ra te d  system . This provides th e  first d irec t 
proof of th e  s tru c tu re  of th e  h y d ra te d  quinazoline cation. A 4- or 2 -m eth y l g roup  h as 
little  effect on th e  chem ical sh ift of th e  2- or 4-hydrogen a tom , respectively .
T he signal a t  low field ( 8  =  9-57 p .p .m .) in (1; R  =  H) is n o t sp lit an d  in teg ra te s  for
2  p ro tons, viz. th e  2 - an d  2 '-hydrogen  a tom s, an d  confirm s th a t  th e  m olecule is sym m etrical 
T here are no o th e r signals excep t for th e  eigh t " a ro m atic  ” p ro tons of th e  benzene rings. 
In  (1 ; R  =  Me) th e  signal a t  low field found  in (1 ; R  =  H) is rep laced  b y  a  signal a t  8  =
3 03 p .p .m . w hich in teg ra te s  for six p ro to n s an d  is due to  th e  2- an d  2 '-m e th y l groups, 
an d  proves th a t  th is  m olecule too  is sym m etrical. Likewise, th e  2 ,2 '-b iquinazolinyls were 
show n to  be sym m etrical. T he positions of th e  signals could n o t be co rre la ted  w ith  th e  
electronic s tru c tu re  of th e  su b s titu e n ts  because th e  positions of th e  signals ap p ear to  a lte r  
w ith  changes in concen tra tion . T he insoluble n a tu re  of th e  b iquinazolinyls in trifiuoro- 
acetic acid m ade sp ec tra l m easurem ent of th e  cations difficult. N one of th e  hydrogens
in the compounds studied could be exchanged by deuterium after shaking the deutero- 
chloroform solutions with deuterium oxide for 15—30 min., although in some cases the 
positions of the peaks were altered slightly.
E x p e r i m e n t a l
M icroanalyses were by  Dr. J. E. Fildes and her staff. The p u rity  of m aterials was exam ined 
as before.^
4:,4'-Biqiiinazolinyl.— Sodium cyanide (113 g., 10 mol.) in w ater (45 ml.) and quinazoline 
(3 g., 1 mol.) in w ater (9 ml.) were k ep t a t  20°. A fter 24 hr. th e  crystalline solid (3 g.) was 
collected, washed w ith  w ater, and dried. The crude p roduct had  m. p. 198— 200° (effervescence 
w ith  liberation of some hydrogen cyanide). This product (2*3 g.) in boiling benzene (600 ml.) 
was trea ted  w ith  m anganese dioxide (15 g.) and kep t a t  20° for 24 hr. w ith  occasional shaking. 
The m ix ture was heated  to  boiling again, filtered, and concentrated  to  150 ml. in  vacuo a t  30°, 
and the needles of ^,4/-hiquinazolinyl (13  g., 56%), m. p. 246— 247°, were recrystallised from 
benzene [Found: C, 74 4; H , 3 9; N, 21-6%; M  (ebullioscopic in benzene), 253. 
requires C, 74*4; H, 3 9; N, 21 7 %  ; M  258]. The above crude m aterial (120 mg.) and alum ina 
(2 g. ; B .D .H . for chrom atography) in benzene (20 ml.) when trea ted  as above gave a 33% 
yield of 4,4'-biquinazolinyl. The more intense infrared bands had  v 1630, 1575, 1550, 1510, 
1380, 1360, 1150, 1090, 960, 775, and 760 cm.“h and the  above purification did n o t m ake 
significant changes in the  spectrum .
2,2'-Dimethyl-4:,4/-biquinazolinyl.— A reaction as described above b u t using 2-m ethyl- 
quinazoline gave a 48% yield of 2,2'-dimethyl-4,4'-biquinazolinyl, m. p. 219— 220°, which was 
recrystallised from benzene-light petroleum  (b. p. 40— 60°) [Found: C, 75*55; H, 5*0; N, 
19*6%; M  (Rast) 291. requires C, 75*5; H, 4*9; N, 19*6%; M  286].
Oxidation o f 4,4'-B iquinazolinyl.—The biquinazolinyl (50 mg.) in glacial acetic acid (3 ml.) 
and hydrogen peroxide (0*5 ml., 30 vol.) was kep t a t  20° for 3 days and evaporated  to  dryness 
a t  30°/0*5 mm. The residue in w ater (3 ml.) was ad justed  to  pH  4 and then  evaporated  to  d ry ­
ness; the residue ex tracted  w ith  boiling ethanol (30 ml.), and the  ex trac t trea ted  w ith  charcoal, 
filtered, and evaporated  again. The residue was ex tracted  w ith  benzene and filtered and the  
filtrate  concentrated  to  10 ml., d ilu ted  w ith  light petroleum  (b. p. 40— 60°), and, on cooling, 
gave 4-hydroxyquinazoline (28 mg., 50%) w hich had  u ltrav io let and infrared spectra and m. p. 
and m ixed m. p. identical w ith  those of an  au then tic  sample.
'RR'-{Di-o-foYmylphenyl)oxanilide.— o-Am inobenzaldehyde (2*42 g., 4 mol.) in d ry  benzene 
(50 ml.) was cooled and trea ted  w ith  oxalyl chloride (0*42 ml., 1 mol.) and kep t a t  20° for 3 hr. 
The solid was filtered off, suspended in sa tu ra ted  sodium hydrogen carbonate (400 ml.), stirred  
well, collected, washed w ith  w ater, and dried a t  100°. C rystallisation of the  product from  a 
large volum e of acetic acid gave RW -{di-o-forniylphenyl)oxanilide (2*53 g., 8 6 %), m. p. 314— 
315° (Found: 0 ,65*2; H, 3*9; N, 9*5. CigHi^NgOg requires C, 64*9; H, 4*1; N, 9*5%).
2,2'-Biquinazolinyl.— The above anilide (0*50 g.) and sa tu ra ted  ethanolic am m onia (25 ml.) 
were heated  in a sealed tu b e  a t  135— 140° for 28 hr. The yellow needles were collected and re­
crystallised from  b u tan -l-o l to  give 2,2'-biquinazolinyl (0*36 g., 83%), m. p. 285— 286° (Found: 
0,74*75; H, 3*9; N, 21*75. OigHigN^ requires 0, 74*4; H, 3*9; N, 21*7%); the  more intense 
infrared bands had  v 1610, 1578, 1542, 1480, 1395, 1380, 1320, 1145, 1075, 793, 755, and 
745 cm.~i
Similarly, 4,4 '-dim ethyl-2,2'-biquinazolinyl, m. p. 245— 246° (compare lit.,^^ m. p. 249— 
250°), was prepared  in q u an tita tiv e  yield from  iViV'-(di-o-acetylphenyl)oxanilide (Found: 
0 , 75*9; H , 5*3; N, 19*4. Oalc. for OigHi^N^: 0, 75*5; H , 4*9; N, 19*6%).
Physical Measurements.— U ltravio let spectra  were scanned on a  Perkin-E lm er Spectracord 
m odel 4000A, and th e  m axim a checked w ith  an O ptica m anual instrum ent. Infrared  spectra 
(K B r discs) were m easured w ith  a Unicam  S.P. 200 spectrom eter and nuclear m agnetic resonance 
m easurem ents were m ade w ith  a  V arian A 60 instrum ent.
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The infra-red spectra of polycyelic heteroaromatic compounds— IV [1,2]
Monosubstituted quinazolines
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A bstract—Bands assigned to  ring stretching modes in 2 -, 4-, 5-, 6 -, 7-, and  8 -substitu ted  qu in­
azolines are recorded and  discussed.
C o n t in u in g  our survey of the infra-red spectra of azanaphthalenes, "we have now 
studied the six mono-methyl, -methoxy, and -chloro derivatives as representative 
examples of mono-substituted quinazolines (cf. I). The four mono-nitro compounds 
with the nitro group in the benz-ring were also examined. Spectra were obtained 
for chloroform solutions, and apparent extinction coefficients recorded [3]. The 
expected characteristic bands for substituent groups were found, and for the methoxy 
and nitro compounds these have been discussed separately [4]. The remaining bands 
are characteristic of the quinazoline ring and form the subject of this paper.
Little previous work on these derivatives has appeared except that Culbertson, 
Decius and Christensen [5] reported three strong bands at 1628-1612, 1581-1566, 
and 1517-1478 cm~^; our results confirm and greatly extend these correlations.
1700-1300 cm~^ region
Characteristic bands for the various types of mono-substituted quinazoline in 
this region are summarized in Tables 1 and 2. (Complete spectra will be published 
as part of the DMS scheme.) Nine in-plane ring stretching modes are expected to 
cause absorption in this region, one of which is often too weak to be observed [6].
[1 ] P a r t  I I I ,  G. C h e e s e m a n ,  A. R . K a t r i t z k y ,  and B. J .  R i d g e w e l l ,  J . Chem.Soc., 3 7 6 4  (1 9 6 3 ) .
[2 ]  F or a  recent review of the  infra-red spectra of heterocyclic compounds see A. R . K L a t r i t z k y  
and  A. P . A m b l e r  in Physical Methods in  Heterocyclic Chemistry, I I ,  pp. 1 6 5 - 3 6 0  Academic 
Press, New York, (1 9 6 3 ) .
[3 ]  A .  R .  KATRITZKY, A .  M . M o n r o ,  J . A . T . B e a r d ,  D .  P .  D e a r n a l e y  a n d  N. J .  E a r l ,  J . Chem. 
Soc., 2182 (1 9 5 8 ) .
[4 ]  A. R . KATRITZKY and B. J .  R i d g e w e l l ,  previous paper pp. 5 8 9 - 5 9 1 .
[5 ]  H. C u l b e r t s o n ,  J .  C. D e c i u s  a n d  B. E . C h r i s t e n s e n ,  J . A m . Chem. Soc., 74, 4 8 3 4  (1 9 5 2 ) .
[6 ]  cf. Ref. 2 , p. 2 9 5  ff.
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Tlie frequency ranges for these bands are narrow, intensities vary widely, but 
the intensity in most cases follows one of five types of pattern as indicated in the foot­
notes of Table 1. The intensities for corresponding chloro- and methyl com­
pounds are usually similar ; both these groups interact only relatively weakly with
Table 1. R ing  stre tch ing  m odes a t  1650-1550 cm - 1
P o s itio n  o f 1st b a n d 2nd b a n d 3rd  b a n d
s u b s tit . cm~^ Sa cm~^ SA c m - i Ba
_ 1622 100 1573 130
2 1628-1623 140-270* 1597-1582 65-320* 1583-1570 140-260
4 1620-1617 70-140* 1575-1567 180-340
5 1630-1615 30-200* 1583-1575 130-180$ 1579-1562 100-300*
6 1630-1623 20-210$ 1605-1595 0-95 1580-1565 115-260*
7 1628-1615 35-400* 1592-1577 6 5 -2 10§ 1573-1548 50-85
8 1632-1615 65-110$ 1586-1579 85-160 1573-1561 65-130
all 1632-1614 20-400 1605-1575 0-320 1583-1557 50-340
o v erall 1 
s ta t i s t ic s / 1623 ±  5 130 ±  90 1587 ±  10 180 ±  80 1571 ±  7 180 ±  90
* in te n s ity  increases NOg —>• Me, Cl —> OMe. 
t  in te n s ity  decreases NOg —► Me, Cl —>- OMe.
Î  in te n s ity  decreases NOg —*■ M e, Cl th e n  increases ag a in  to  OMe.
§ in te n s ity  h igh  fo r NOg, low er a n d  sim ila r fo r Me, Cl, OMe.
^  in te n s ity  h igh  fo r OMe, low er a n d  sim ila r fo r Me, Cl, NOg.
the ring. The m ethoxy and nitro groups are examples of a strong electron donor 
and acceptor, respectively. The intensity pattern of the first band (near 1625 cm~^) 
is of particular interest: direct conjugation interaction with the strongly electron- 
accepting nitrogen atom of the quinazoline ring can occur at the 2-, 4-, 5- and 
7-positions. At these (and only these) positions the intensity of the band rises 
strongly with electron-donor power of the substituent. This relation is similar to 
that for mono-cyclic compounds [2].
Certain of the other bands show trends in the correlation of the intensity versus 
substituent type relation with position of substitution, but with the limited number 
of substituents presently available they are less clear-cut.
To attempt to generalize: in this region quinazolines show a strong band near 
1625, a medium to strong doublet near 1580, a strong band near 1485, a weak band
near 1450, a well-defined triplet centred around 1395 cm~^, and a medium band
near 1310 cm~^.
1300-1000 cm~^ region
All mono-substituted quinazolines are expected to show five CH-inplane bending 
modes in this region, and five band sequences are found for most of the substituent 
types. These are recorded in Table 3, together with plausible assignments to the 
specific molecular vibration modes II-X III , the assignments being based on previous 
work, particularly that on substituted quinolines [6].
1000-700 region
The out-of-plane CH-bending modes should occur in this region, and band 
sequences are found for all the position-of-substitution types as detailed in Table 4. 
The “umbrellas” mode with all the hydrogen atoms attached to one ring moving in- 
phase are easily assigned—they occur as strong bands in characteristic positions.
The infra-red spectra  of polycyelic heteroarom atic com pounds—IV 595
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However, the remaining y-CH modes tend to be weak and assignment is difficult, 
especially as substituent-sensitive modes may occur in this region. A tentative 
assignment is given in Table 4.
E x p e r im e n t a l
The preparation of the compounds has been described (for references see [7]); 
they were redistilled or recrystallized prior to measurement.
Spectra were measured on a Perkin-Elmer Model 21 spectrophotometer with the 
following settings; Resolution 927, Pen speed ITO, Response 1, Auto suppression 
off. Gain 2-3, Pen off. Test signals off. Spectra were measured in chloroform Nujol 
and hexachlorobutadiene mulls, or liquid film spectra were also obtained ; correlations 
for the regions obscured by chloroform (1240-1200; 810-650 cm~^) were made 
from the mull spectra, approximate intensities being obtained by comparison.
[7] W . L. F . A r m a r e g o ,  Advances in  Heterocyclic Chemistry, Vol. 1, 253 (1963).
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I. Introduction
The addition of w ater across carbon-carbon double bonds, a reaction 
thoroughly investigated by Lucas  ^and Taft,^ requires strong activa­
tion and is catalyzed by hydrogen ions and hydroxyl ions. Addition of 
w ater across the  C = 0  bond of aldehydes has also been studied 
kinetically.^ W hereas chloral and formaldehyde are largely hydrated 
(at equilibrium in dilute aqueous solution), acetaldehyde and other
1 H. J. Lucas, W. T. Stewart, and D. Pressman, J. Am. Chem. Soc. 6 6 , 1818 
(1944).
2 R. W. Taft, J. Am. Chem. Soc. 74, 5372 (1952).
2 R. P. Bell and B. deB. Darwent, Trans. Faraday Soc. 46, 34 (1950).
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saturated  aliphatic aldehydes are only about 50% hydrated  under 
these conditions. The hydration reaction, which gives 1,1-glycols, is 
catalyzed in both  directions by hydrogen ions and hydroxyl ions  ^and 
requires little  activation.
No comparable study of the  hydration of the  C = N  bond has been 
made although its properties lie between those of the C = C  and C = 0  
bonds. The hydration of Schiff bases, such as benzylideneaniline (1), to 
cations of D im roth bases, such as 2, is well-known, bu t a ttem pts to  
follow this reaction kinetically have been frustrated  by the ready 
breakdown of the  neutral species, e.g. 2 , to benzaldehyde and aniline. 
A bout ten  years ago, workers in th is D epartm ent were surprised to  
find the C = N  bond in m any pteridines is capable of hydration, 
analogous to  the  reaction 1 ^ 2 .  The surprise stemm ed principally
[1] [2]
from the apparent loss of arom aticity upon hydration. W hat is still 
more surprising is th a t  hydration of the  C = N  bond in nitrogen- 
containing heterocyclic compounds is not, as a rule, followed by fission 
of the C—N bond. These properties and their probable causes are 
discussed in this review.
The phenomenon of C = N  hydration in pteridines was first observed 
in th is D epartm ent in 1951,^ although the  correct in terpretation was 
arrived a t slowly.®’  ^The first example was discovered as a result of the 
very curious behavior of 6-hydroxypteridine during titration.® W ith 
alkali, a curve is traced corresponding to a weak acid of pA^ 9.7. But, 
on back-titration  with acid, this curve is not retraced ; instead, a new 
curve appears corresponding to  a much stronger acid of p/f^ 6.7. I t  
has been dem onstrated ®’ ® th a t  ring-opening does not take place and 
th a t the change is not tautom eric. In  1955, it was recognized th a t
6-hydroxypteridine is covalently hydrated in water, whereas its anion
 ^C. K. Ingold, “ Structure and Mechanism in Organic Chemistry,” p. 689. 
Bell, London 1953.
5 A. Albert, D. J. Brown, and G. Cheeseman, J. Chem. Soc. 1620 (1952).
® A. Albert, J. Chem. Soc. 2690 (1955).
7 D. J. Brown and S. F. Mason, J. Chem. Soc. 3443 (1956).
8 A. Albert, in  “ The Chemistry and Biology of Pteridines ” (G. E. W. Wolsten- 
holme and M. P. Cameron, eds.), p. 204. Churchill, London, 1954.
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is most stable in the anhydrous form.® The hydrated  neutral species is 
a weaker acid than  the  anhydrous species, hence the hysteresis loop 
shown in Fig. 1.
C O :
Starting ÎPoInt 1 EquivtNoOHlEquivÎHCI
F ig . 1. Hysteresis loop produced when 6 -hydroxypteridine is titrated with 
acid and alkali.
The w ater molecule was found to  add across the 7,8-positions in 6-hy- 
droxypteridine by Brown and Mason.^ These authors showed th a t the 
neutral species of 6-hydroxypteridine exists m ainly as 6,7-dihydroxy-
7,8-dihydropteridine (4) in equilibrium with a little of 3. The stable 
cation is largely derived from 4 and the  stable anion largely from 3.
H
I
H0>'
H
[3]
H
[4]
Following these discoveries, we have made an extensive experi­
m ental study of covalent hydration and find it is very common, not 
only in the  pteridine series bu t also in several simpler families of poly- 
azanaphthalenes.® The m ethods used to diagnose this phenomenon, its
9 A. Albert, in “ Pteridine Chemistry” (W. Pfleiderer and E. C. Taylor, eds.), 
p. 111. Pergamon Press, Oxford, 1964.
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occurrence in the  various heterocyclic families, factors in the  stabiliza­
tion  of the  covalent hydrates, ring-opening, and the  chemical and bio­
logical implications are discussed in th is review. Q uantitative aspects 
are thoroughly covered by Dr. D. D. Perrin  in the  following review.^® 
W here we have introduced a quan tita tive  technique, it  has been a t Dr. 
P errin ’s suggestion. W henever the  word ''h y d ra te ” is used in th is 
review, it refers to  w ater bound covalently as in 4.
II. Diagnosis and Location of Covalent Hydration
The choice of m ethods to  diagnose covalent hydration  in nitrogen- 
containing heteroarom atic compounds depends largely on the  ratio  of 
hydrated  to  anhydrous species a t equilibrium  in the  cation, neutral 
species, or anion. This potentially  complex situation is simplified in 
m ost cases because in one of two ionic species (e.g. cation and neutral 
species) the  percentage of hydrate  is usually com paratively small. 
Small as th is percentage m ay be, it  is never insignificant, because if 
m arked hydration can be dem onstrated in one ionic species, the  equilib­
ria involved (see equilibrium  diagram  in Section II , A) necessitate the  
presence of a t least a trace of hydrate  in the  second ionic species. These 
m inute percentages of hydrates infiuence the  values of the  equilibrium  
constants. For th is reason the  term  "an h y d ro u s” cannot be used 
in place of "predom inantly  anhydrous” when referring to  a m ixture 
containing < 0 .1% of the  hydrated  species. The same argum ent 
pertains to  the  hydrated  species, which m ust be in equilibrium w ith a t 
least a very small am ount of anhydrous species.
The following m ethods have been used to  dem onstrate a substantial 
degree of covalent hydration  in the  various ionic species. Usually, a t 
least three of these m ethods have had to  be applied before the  phenom ­
enon could be established beyond all doubt. Before enum erating these, 
it  should be m ade clear th a t  the  presence or absence of strongly held 
w ater of crystallization is to  be regarded as a com petitive phenomenon 
which makes no contribution to  a diagnosis of covalent hydration. 
Thus, 4,7-dihydroxy-6-m ethylpteridine, 2-hydroxypurine, and 4,5- 
diam ino-2-hydro xypyrim idine all retain  one molecule of w ater 
obstinately a t  130° b u t give no indications of covalent hydration in any 
of the  following tests. On the  other hand, pteridine, which the tests 
show to be covalently hydrated  to  the  ex ten t of 22% in solution, re­
veals no hydration upon elem entary analysis after gentle drying a t  20°.
D. D. Perrin, following review, p. 43.
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A . A n o m a l o u s  I o n i z a t i o n  C o n s t a n t s
I t  is a simple m atter to  determ ine an ionization constant and also to 
predict its m agnitude. W hen these values do not agree, and if ring- 
opening has been carefully excluded, the  likelihood of covalent 
hydration m ust be considered. Equilibria encountered during the  
determ ination of the  ionization constant of a hydrating heteroarom atic 
base are shown in the  following diagram. Similar equilibria exist for
A n h y d r o u s  n e u tr a l  
s p e c ie s
H y d r a te d  n e u tr a l  
sp e c ie s
pAa^
pAflCq
pAay
A n h y d r o u s  c a t io n
Aa
H y d r a te d  c a t io n
E quilibrium  D iagram ii^
hydrating bases which have an acid function, e.g. the  hydroxypteri- 
dines. A /  and K J  are the  ionization equilibrium  constants for the 
anhydrous and the  hydrated  species, respectively, and should be 
experim entally realizable if m easurem ents could be m ade m uch more 
rapidly than  the  tim e required to  record significant hydration and 
dehydration. (Where more th an  one basic center is present, these 
experim entally determ ined pA  values m ight, theoretically, be capable 
of further analysis into so-called " microscopic ” pA  values.) A ^and  Ag 
are hydration equilibrium  constants which include the  rates of 
hydration and dehydration of the  neutral species and cation, respect­
ively. I f  the  equilibria Ag and A 3 are set up rapidly (e.g. quinazoline) 
then the pA^ value obtained in a routine potentiom etric or spectro- 
m etric determ ination is an overall value (denoted as p A /^ )  which 
includes not only the hydration equilibria Ag and A 3 b u t also the 
ionization constant of the anhydrous and hydrated  species.
On the other hand, if the  equilibria for A g and A 3 are attained  
slowly (see Fig. I ) and the  optical density  or pH  readings are m easured 
rapidly, either the  pA«^ or p A /  value can be obtained directly,
A. Albert and E. P. Serjeant, “ Ionization Constants of Acids and Bases.” 
Methuen, London, 1962.
The ratios JC2 and A 3 are defined here so as to conform with the following 
review by Dr. D. D. Perrin.
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depending on w hether one s ta rts  from the  predom inantly  anhydrous 
neutral species or the  predom inantly  hydrated  cation (or anion). 
However, if th e  solutions are allowed to  come to  equilibrium  before 
each reading, only the  pA/^^ value can be obtained.
The ~pKa^ value always lies between the  pA<j  ^ and p K /  values. 
Because arom atic or partly  arom atic heterocyclic species, e.g. 3 (the 
concentrations of which are included in the  p A /  expression), are 
weaker bases th an  the  corresponding carbinolamines, e.g. 4 (the con­
centrations of which are involved in the  p A /  expression), it  follows 
th a t  pAfl^ < p A / .  Because the  anhydrous species is arom atic (or 
partly  arom atic, if some of the  conjugation m ay be in a —CO . N H — 
group) the  basic p A /^  value is always higher th an  th a t  which would be 
predicted for the  arom atic system , and the  substance behaves as if it  
were a stronger base th an  expected (e.g. quinazoline^^: found, 3.51; 
e x p e c t e d , 1.5). H ydration  should always be suspected when 
potentiom etric readings, m ade during determ inations of pA  values, 
show a drift. The hydration-dehydration  process is acid and base 
catalyzed,^® so if hydration  is occurring, steady readings should be 
obtained progressively more rapidly as the  hydrogen ion or hydroxyl 
ion concentration is increased. I t  m ust, however, be noted th a t  re ­
versible ring-opening after addition of w ater could show similar 
behavior, and other m ethods, described below, m ust be applied before 
hydration  can be confirmed.
The constants p A / ,  pA/^^, and p A /  are related in the  following
m anner :
K2  =
K3  =
where Ag =  (concentration of hydrated  neutral species)/(concent- 
ration  of anhydrous neutral species) and Ag =  [concentration of 
hydrated  cation (or anion)]/[concentration of anhydrous cation (or 
anion)] a t  equilibrium . I t  is evident th a t  Ag and A  g are independent of 
pH  and dependent only on the  three ionization constants. W hen base 
strengths are to  be compared, only pA^^ or p A /  values can be legitim ­
ately  used, because only they  are confined to  pure species. I f  pA^^^ 
values are compared, the  results have no significance because Ag and 
Ag vary  from one substance to  another.
The above relationships can be used to calculate some of the  con-
12 A. Albert, W. L. F. Armarego, and E. Spinner, J. Chem. Soc. 2689 (1961).
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stan ts  which cannot be obtained by direct m easurem ent, e.g. accurate 
values of A 2 or Ag.
I t  is presum ptuous to  report th a t  a substance is no t hydrated  simply 
because there are no drifts in the  readings obtained during potentio­
m etric m easurem ents or because the  experim entally determ ined pA^ 
value is not very different from the  predicted value. A small am ount 
of hydration  m ay cause only a small difference in the  ionization 
constant and hence other tests should be applied. A num ber of hetero­
cyclic compounds which have seemingly norm al pA^ values m ay well 
be partially  hydrated.
B. E l e c t r o n i c  ( U l t r a v i o l e t  a n d  V i s i b l e ) A b s o r p t i o n  S p e c t r a
A ddition of w ater across a C = N  bond in a conjugated system 
breaks the conjugation and alters the  electronic transitions. The u ltra ­
violet and visible spectra of anhydrous and hydrated  species are 
therefore usually dissimilar, and such differences have been used as the  
basis for m uch of the  qualitative and quan titative  work done on 
covalent hydration.
1. Spectra in Hydrocarbons and Dilute Aqueous Solutions
The spectra of an organic compound in various solvents differ only 
in small detail so long as no serious in teraction takes place between 
solute and solvent. Thus th e  spectrum  of a substance in an aprotic 
solvent (e.g. cyclohexane) should be alm ost the  same as th a t  in water. 
W hen addition of w ater occurs across a C = N  bond, the  spectrum  of 
the  hydrate  in w ater can be vastly  different from the spectrum  of the 
anhydrous substance in cyclohexane, and this te s t has been used on 
several occasions to  determ ine w hether or not a neutral species 
forms a hydrate  in water. The test, however, is no t valid if {a) the  solute 
possesses the  elements of w ater in the  crystalline state , {h) the  am ount 
of hydrated  species in aqueous solution is too small to  cause any 
noticeable differences in the  s p e c t r a ,o r  (c) the  principal pathw ay of 
electronic transition in the  molecule involves no affected bond.
Protonation of heteroarom atic compounds is known to produce only 
small shifts ( ± 5 m/x) of the long-wave length band present in the  case
13 W. L. F. Armarego, J. Chem. Soc. 561 (1962).
14 W. L. F. Armarego, J . Chem. Soc. 4094 (1962).
15 W. L. F. Armarego, J. Chem. Soc. 4303 (1963).
16 W. L. F. Armarego, J. Chem. Soc. 5030 (1962).
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of the  neutral species. On the  other hand, if the  cation is m uch more 
hydrated  th an  the neutral species, these shifts (which m ay be hypso- 
chromic or bathochrom ic) are norm ally larger th an  can be accounted
4-0
VO
3402802 2 0
CH
4 0
w
0 )o
VO
220 Xmp 280 340
F ig . 2. (A) Ultraviolet spectra of quinazoline in water. Solid line, neutral 
species; dotted line, cation. (B) Ultraviolet spectra of 4-methylquinazoline in 
water. Solid line, neutral species ; dotted line, cation.
for by protonation alone. Quinazoline, for example, shows a hypso- 
chromic shift of 45 mp,^^ (see Fig. 2A), whereas 1,4,5,8-tetraazanaph- 
thalene shows a bathochrom ic shift of 20 m/x (see Fig. 3).^^ For a few 
substances, e.g. pteridine and the  Bz-nitroquinazolines, however.
VO
0 8 A
0 6
d
0 4
0 2
300 340 380220 260
F ig . 3. Ultraviolet spectra of 1,4,5,8-tetraazanaphthalene in water. 
(A) Anhydrous neutral species, (B) hydrated cation, and (C) hydrated neutral 
species.
these spectral differences between the  anhydrous and hydrated  species 
are small. Similarly, for compounds w ith an acidic function and where 
the  anions are predom inantly  anhydrous and the  neutral molecules 
strongly hydrated, e.g. 2- and  6-hydroxypteridine, ^  large spectral 
differences between the  anion and the  neutral species are readily
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observed (see Table I  in ref. 10). The direction of these shifts depends 
largely on the  new chromophore formed after hydration, bu t is usually 
similar for members of a fam ily of compounds provided th a t  hydration 
occurs in the  same position, e.g. across the  3,4-double bond in quina­
zolines. The v irtual optical transparency of an alcoholic hydroxyl 
group should m ake the  spectra of the  hydrates, which possess the
OH 
—C—NH—
H
group, similar to  those of the  corresponding dihydro compounds, 
which contain the
H
—C—NH—
H
group. One of the  first pieces of evidence which indicated the 
correct positions of w ater addition in 2- and 6-hydroxypteridine 
was the  sim ilarity between the  spectra of the  “ h y d ra te s” and the 
corresponding dihydrohydroxypteridines^’^ ® (see Table I, e.g. Nos. 
7 and 8). However, th is is no t always the  case, because there is a 
difference of 26 m/x between the  long-wavelength bands of the  
neutral species of hydrated  quinazoline (5; R  =  OH) and of 3,4-
[5] [6]
dihydro quinazoline (5; R  =  H).i9 The spectra of other dihydro- 
quinazolines such as 5 (R =  SO3H, Me, and ON) differ only slightly 
from th a t  of 5 (R =  H), and the  reason for the  anomalous difference 
when R  =  OH m ay perhaps be explained by a hydrogen-bonding 
in teraction between the hydroxyl group and the 7T-orbital of the 
benzene ring. Hydrogen bonding of a somewhat different kind can 
occur in hydrated  2-hydroxypteridine (6 ) between the hydroxyl group 
and the  N-5 position, and the  difference in the  positions of the  long- 
wavelength bands in the  spectra of 6 and 3,4-dihydro-2-hydroxy- 
pteridine is 10 m/x and for the  corresponding 6-m ethyl derivatives only 
6 m/x (see Table I). Thus the  expected sim ilarity between the  spectra 
of a hydrate  and the  corresponding dihydro derivative can vary
H—o
4 ^ N H
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considerably in different ring system s and to  a lesser degree in the  
same ring system .
TABLE I
Co m p a r iso n  o f  t h e  S p e c t r a  of  S om e H y d r a t e s  a n d  T h o se  of  t h e  R e l a t e d
D ih y d r o  D e r iv a t iv e s "
No. Compound loge' Ref.
1 2-Hydroxypteridine (hydrate) 230; 307 3.88; 3.83 7
2 3,4 -Dihydro - 2 -hy droxyp teridine 248; 317 3.72; 3.89 17
3 7,8  -Dihydro - 2 -hydroxy pteridine 223; 290 4.35; 3.88 17
4 2 -Hydroxy - 6 -methy Ip teridine
(hydrate) 235; 315 4.05; 3.93 17
5 3,4-Dihydro-2-hydroxy-6-
methylpteridine 248; 321 3.83; 3.92 17
6 7,8  - Dihy dro - 2-hy droxy - 6 -
methylpteridine 220; 287 4.46; 3.99 17
7 6 -Hydroxypteridine (hydrate) 266; 289 3.85; 4.00 7,18
8 7,8  -Dihydro - 6 -hydroxy pteridine 275; 293 3.80; 3.93 7,18
9 Quinazoline (hydrate) 265 3.97 19
10 3,4-Dihydroquinazoline 221; 291 4.09; 3.76 19
" U lt r a v io le t  sp e c tr a  in  w a te r  fo r  n e u tr a l sp e c ie s . T h e  sp e c tr a l d if fe r e n c e s  b e tw e e n  
th e  h y d r a te d  c a t io n s  a n d  th e  c a t io n s  o f  th e  c o r r e sp o n d in g  d ih y d r o  d e r iv a t iv e s  a re  o f  
th e  sa m e  m a g n itu d e  a s  th o s e  o b se r v e d  b e tw e e n  th e  n e u tr a l sp e c ie s .
* U n d e r lin e d  v a lu e s  in d ic a te  in f le c t io n .
2. Spectra in Concentrated Aqueous Sulfuric Acid
By increasing the  concentration of sulfuric acid in w ater, the  therm o­
dynam ic activ ity  of the  w ater can be strongly decreased. I f  the  acidity  
of a solution of a predom inantly  (or partly) hydrated  cation is, p ro­
gressively increased, the  am ount of free w ater rem aining in the  m edium  
for hydration  of the  organic molecule is correspondingly decreased, 
and the  spectrum  thus becomes more similar to  th a t  of the  anhydrous 
cation. In  quinazoline, for example, bands present in the  271 and 
305 m/x region a t  pH  7, which are associated w ith the  predom inantly  
anhydrous neutral species, disappear a t  pH  1 (because the  hydrated  
cation is formed) b u t reappear on increasing the  acidity  to  H q — 3.5 
(because the  anhydrous m onocation is f o r m e d ) .A  similar effect is 
observed w ith quinazoline 3-oxide^® (see Fig. 4) and 3-nitro- and 8-
17 A. Albert and S. Matsuura, J. Chem. Soc. 5131 (1961).
18 A. Albert and F. Reich, J. Chem. Soc. 127 (1961).
19 A. Albert, W. L. F. Armarego, and E. Spinner, J. Chem. Soc. 5267 (1961).
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n itro -1,6-naphthyridine.^^ I f  the  shifts obtained by increasing the  
acidity are not too large, well-defined isosbestic points can be observed 
(Fig. 4 ). Hydrochloric acid a t similar H q values produces the  same 
dehydrating effect. This application is lim ited to  substances th a t  do 
not react w ith the  strong acid (e.g. by sulfonation, or even forming 
dications).
2.7
>»
M
C
0}TJ
s
O.o
0.5
250 300
Wavelength (m/i)
F ig . 4 . E f f e c t  o f  a c i d i t y  ( s t r o n g  s o l u t io n s  o f  H 2 S O 4 ) o n  t h e  s p e c t r u m  o f  
q u in a z o l in e  3 - o x id e .  (A ) H q — 1 .1 2 ;  (B )  H q — 2 .0 6 ;  (C ) H q — 4 .4 0 ;  (D )  H q — 5 .6 5 .
3. Spectra in Anhydrous Dichloroacetic Acid
The spectral changes which occur in increasingly acid solutions of 
polyaza-heterocycles m ay indicate a second ionization. This event, 
however, can readily be distinguished from dehydration by measuring 
the  spectra in anhydrous dichloroacetic acid, provided th a t  the  p^L  ^
value for the  anhydrous species is above 1. Anhydrous dichloroacetic 
acid has a H am m ett acidity  function (Hq) of —0.9 (as determ ined 
using o-nitroaniline as the  s o l u t e ) ,a n d  the  ultraviolet spectrum  of 
a base w ith a pÆ^ > 1 would be th a t  of the  anhydrous cation in th is 
2 0  A .  A lb e r t  a n d  W . L . F .  A r m a r e g o ,  J .  Chem. Soc. 4 2 3 7  (1 9 6 3 ) .
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solvent. I f  the  pKa is no t m uch greater th an  1, the  spectrum  m ust be 
th a t  of the  monocation. Comparison of the  spectrum  m easured in 
th is solvent w ith th a t  determ ined in dilute aqueous acid has been used 
to  confirm covalent hydration in quinazoline^^ and in a num ber of
2-aminopteridines.^^
A nother use for th is solvent is exemplified by 1,4,5,8-tetraazanaph- 
th a len e /^  the  anhydrous species of which has a predicted -pKa value 
of — 2.7 (the observed pÆ^ in w ater is +2.51). The spectrum  obtained 
in anhydrous dichloroacetic acid is alm ost identical w ith th a t  of the  
predom inantly  anhydrous neutral species determ ined in water, b u t 
quite different from the  spectrum  m easured in dilute aqueous acid. 
Moreover, addition of w ater to  the  anhydrous dichloroacetic acid 
solution of th is base caused the  fine structure  present in the  spectrum  
of the  neutral species to  disappear and the  band due to  the  hydrated  
cation (i.e. the  spectrum  obtained in w ater a t pH  0.5) to  appear. 
A ddition of w ater to  dichloroacetic acid solutions has been used to 
show th a t  the  cations of 3- and 8-nitro-1,0-naphth^n-idine 20 are 
hydrated  in aqueous acid a t pH  0.5.
The application of th is m ethod is lim ited by the  opacity of dichloro­
acetic acid below 305 mp,. However, most of the  shifts th a t  are 
significant for detecting hydration  are those of long-wavelength 
bands, usually above 300 m/x, so th is lim itation is no t serious. W hen a 
cation has a very strong affinity for w ater, a mere trace of w ater in the  
dichloroacetic acid will give a m ixed spectrum . Careful purification of 
the  dichloroacetic acid and stric t exclusion of w ater during the  
m easurem ents are necessary to  obtain the  spectrum  of the  anhydrous 
s p e c ie s .O th e r  suitable acids (e.g. CFgCOgH) could be used in place of 
CHCI2CO2H.
Similarly a suitable optically transparen t anhydrous (strong) base, 
e.g. piperidine, could be used to  obtain  the  spectra of anhydrous 
anions.
C . “ B l o c k i n g  E f f e c t ”  o f  a  M e t h y l  G r o u p  
One of the  m ost valuable means for locating the  site of hydration 
involves the  “ blocking effect” of a m ethyl group.
Insertion of a m ethyl group a t the  site where nucleophilic a ttack  
(by 0H ~  or H 2O) occurs during hydration  considerably hinders the  
addition of water, thus lowering the  percentage of the  hydrated
21 A. Albert, C. F. Howell, and E. Spinner, J. Chem. Soc. 2595 (1962).
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species present a t equilibrium  (cf. Table IV  of ref. 10) (there is also a 
decrease in the  ra te  of hydration  and an increase in the  ra te  of de­
hydration).^^ This effect, although p a rtly  electronic, has been shown 
to  be largely steric and apparen tly  is caused by steric acceleration 
of the  elim ination of the  hydroxyl g r o u p . I t  is closely related to 
the  well-established steric na tu re  of the  opposition to  addition of 
Michael reagents across a C = C  bond, shown by a m ethyl group 
a ttached  to  th a t  carbon atom  which a ttrac ts  the  nucleophilic Michael 
anion. ^
Thus, a m ethyl group placed a t the  site of hydration  decreases the  
proportion of the  hydrated  species and, hence, shifts bo th  the  u ltra ­
violet spectra (cf. Fig. 2A and B) and the  ionization constant of the  
substance tow ards norm ality. A valuable means for locating the  site 
of hydration, therefore, is to  introduce a m ethyl group in various 
likely places until the  anomalous spectrum  is lost and the  spectrum  of 
the  predom inantly  anhydrous species restored. The effect of such a 
m ethyl group on the  pA^ value is also revealing because a decrease in 
the  am ount of the  hydrated  species causes a decrease in the  p value, 
whereas a m ethyl group is otherwise base-strengthening. The “ block­
ing effect ” of a m ethyl group has been used to  locate the  hydration  site 
where nucleophilic a ttack  occurs in 2- h y d r o x y - ,6-hydroxy-,^® and
2 -a m in o -p te r id in e s ; in quinazolines^^; quinazoline 3-oxides^®; and
1,4,5,8-tetra-azanapthalenes.^^ So far no exam ple is known w ith 
certain ty  in which a m ethyl group suppresses hydration  entirely.
D. M i l d  O x i d a t i o n  
Heterocyclic compounds th a t  have w ater bound covalently across 
a C = N  bond behave as secondary alcohols. W hen subjected to  very 
gentle oxidative conditions, th ey  are converted into the  corresponding 
0X 0 compounds. Potassium  perm anganate  ^  in 0.1 A  sodium hydroxide 
a t room tem perature  has been used to  oxidize 2- and 6-hydroxypteri­
dine to  2,4- and 6,7-dihydroxypteridine, respectively. In  contrast, 
4-hydroxypteridine  ^ was no t a ttacked  by th is reagent even a t 100°.
H ydrogen peroxide in acid solution was used to  oxidize quinazoline ;
quinazoline 3-oxide^®; 1,3,5-, 1,3,7-, and 1 ,3 ,8 - tr ia z a n a p h th a le n e ; 
and pteridine (which hydrate  across the  3,4-double bond in th e
22 Y. Inoue and D. D. Perrin, J . Chem. Soc. 4803 (1963).
23 A. Albert and C. F. Howell, J . Chem. Soc. 1591 (1962).
24 D. D. Perrin, J . Chem. Soc. 645 (1962).
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cations). The pH  of the  solution was adjusted  so as to  ensure the  form a­
tion  of the  m axim um  am ount of the  hydrated  species, and no t more 
th an  two equivalents of the  reagent were used. Hydrogen peroxide, 
although no t completely specific for carbinolamines, has the  advantage 
of being optically transparen t, and the  oxidations can thus be followed 
spectrophotom etrically using only small am ounts of m aterial. 
Potassium  ferricyanide has been successfully used for similar oxida­
tions in th e  1,4,6-^^ and 1,4,5-triazanaphthalene^® series.
The principal use of th is oxidative te s t for hydration  is to  locate 
quickly the  probable site of hydration, which can then  be confirmed by 
inserting a m ethyl group as described in Section II , C.
The above m ethod is unsatisfactory when hydration  takes place a t 
two alternative sites in the  molecule, although one hydrate  is usually 
present in only a very small proportion, a t equilibrium. W hich oxo 
compound is preferentially formed in such a case depends on the  rates 
of oxidation a t the  different sites and on the  ra te  of isom erization of 
the  w ater molecule from  one position to  the  other, hence th is m ethod 
does not indicate which is the  therm odynam ically more stable hydrate.
Occasionally it happens th a t  the  oxo compound, produced by 
oxidation, forms a hydrate  which is fu rther oxidized to  a dihydroxy 
c o m p o u n d .A tte n t io n  m ust be given to the  possibility (so far 
unreported) th a t  when the  hydrated  species is in equilibrium  w ith a 
trace of the  ring-opened structure a sufficiently fast oxidation ra te  
of the  amino-aldehyde (i.e. the  acyclic structure) could lead to  the  
incorrect conclusion th a t  the  original m aterial was no t cyclic.
E .  R a p i d - R e a c t i o n  T e c h n i q u e
Because th is technique and the  apparatus involved are considered in 
detail in the  following review, only a qualitative discussion is given 
here. This is the  m ost valuable m ethod for the  confirmation of covalent 
hydration because it can usually give conclusive results even when the  
percentage of the  hydrated  species is as low as 2 %. I t  makes use of the  
facts th a t  all known examples of the  form ation or disappearance of the  
hydrated  species followed first-order kinetics and th a t  the  rates are 
both  acid- and base-catalyzed.^^ I t  also depends on the  usual s ta te  of 
affairs th a t  the  ratio  of the  hydrated  to  the  anhydrous species, although 
pH  independent (see Section II , A), is different in the  three species, i.e. 
in the  cation, neutral species, and anion. In  principle, a solution of one
25 A. Albert and G. B. Barlin, J. Chem. Soc. 5156 (1963).
26 A. Albert and G. B. Barlin, J. Chem. Soc. 5737 (1963).
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species (e.g. the  neu tral species) is rap id ly  converted (in less th an  one 
second, using a rapid-reaction apparatus ^°) into the  other species (i.e. 
cation or anion) by  m ixing w ith a suitable buffer and then  stopping the  
flow im m ediately (this is known as the  stopped-fiow technique). The 
ra te  of change of optical density  is observed a t a fixed and suitable 
wavelength. I f  both  species, i.e. before and after mixing, are anhydrous, 
then, because pro tonation  and deprotonation are practically in stan ­
taneous, no change in optical density should be observed after mixing. 
However, if covalent hydration  is present (i.e. the  ratio  of the  hyd­
rated  to  anhydrous species is different before and after mixing), after 
mixing there  should be a ra te  of change of optical density  correspond­
ing to  an increase or decrease of the  hydrated  or anhydrous species, 
or vice versa. From  the  observed rate , th e  half-life of the  hydrated  
species can be determ ined a t the  final tem perature  and pH  value.
I f  one of the  species is predom inantly  hydrated  (e.g. the  quinazoline 
cation ^^), then, by  using the  rapid-reaction apparatus and allowing 
an acid solution of the  substance and a near-neutral buffer to  run  
through the  cell continuously (continuous-flow technique i®), the  spect­
rum  of the  predom inantly  hydrated  (unstable) neu tra l species can be 
obtained. This is possible if the  newly form ed species is no t too 
unstable.
For the  determ ination of p A /  and p K /  (see Section II , A), a 
solution of one of the  species (e.g. hydrated  2-hydroxypteridine) is 
rap id ly  m ixed w ith several alkaline buffers, and  the  ra te  of change of 
optical density  (do) in the  different buffers is ex trapolated  to  zero time. 
The optical density  (d^) is a m easure of the  concentration of the  
hydrated  anion a t the  m om ent, and pH , of mixing. A plot of against 
pH  therefore gives the  value of pA^^. This value can be determ ined 
quite accurately because in the  pH  region of the  buffers used (usually 
3-11) the  rates are slow enough to  give reliable readings of d^.^^ In  the  
same way, b u t starting  w ith the  anhydrous anion of 2-hydroxypteri­
dine, reliable values of the  acidic p A /  have been determ ined. From  a 
knowledge of pA«^, pA«® ,^ and pA„^ for the  acidic function, the  ratio  
of the  hydrated  to  the  anhydrous species in the  anion and the  neutral 
molecule have been calculated. Outside the  favorable pH  range, the  
reactions are greatly  accelerated and are often too fast for m easure­
m ent in the  apparatus described.
The basic p A /  values of the  hydrated  species have been m easured
27a D. D. Perrin and Y. Inoue, J . Phys. Chem. 6 6 , 1689 (1962).
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for quinazoline,^^ As:-substitu ted nitroquinazolines, and 1,3,5-, 1,3,7-, 
and 1,3,8-triazanaphthalene.14 These values are in the  favorable pH  
region (see above); however, accurate basic pA„^ values for the  
anhydrous species could not be obtained because these values lie below 
2 and hence the ra te  m easurem ents fall in a region where they  are too 
fast to give reliable values of d^ . In  such cases, the ratio of the  hydrated  
to  the  anhydrous species can be calculated for the  neutral species, bu t 
not for the  cation. 1,4,6-Triazanapthalene is the  only substance for 
which a p A /  value has been determ ined ; th is was possible because 
the  value (3.05) is in the  favorable pH  region.
Another disadvantage found in try ing  to  apply th is technique to 
very weak bases (i.e. those w ith pA„ < 1) is th a t  the  neutralization of 
strong acid solutions forms large quantities of salt and liberates much 
heat, which constitutes two sources of error.
F. I s o l a t i o n  o f  H y d r a t e s  a n d  H y d r a t e d  S a l t s
As is pointed out in the  introduction to  Section II , the  presence or 
absence of w ater in the  solid sta te  gives no indication as to  w hether or 
no t covalent hydration  occurs in aqueous solution. However, m any 
examples are known of substances which hydrate  strongly in solution 
and also in the  solid state. Thus, 2-hydroxy- and 6-hydroxy-pteridine 
crystallize w ith one molecule of water. On heating, th e  form er loses 
w ater rapidly  only a t 180°,^^ whereas the  la tte r retains all of the  w ater 
up to  180° where it begins to  darken.®
Anhydrous quinazoline hydrochloride^^ absorbs one molecule of 
w ater readily, and the  product is difficult to  dehydrate completely 
even in a high vacuum  a t 60°. Infrared  spectral da ta  suggest th a t  th is 
w ater is covalently bound because of (a) the  absence of several bands in 
th e  spectrum  of the  hydrate  which are present in the  spectrum  of the  
anhydrous hydrochloride and (h) the  presence of ex tra  bands a t  1474 
and 1240 cm~^ th a t  have been a ttrib u ted  to  C— H and 0 —H  bending 
vibrations of the  —CHOH group.
Brown and Mason  ^ converted the  hydrates into alcoholates by 
boiling them  w ith alcohol. The hydrate  and aJcoholate of 6,7-diethyl-2- 
hy droxyp teridine showed two N— H  absorption bands in the  infrared, 
and, when either compound was heated a t 120° in vacuo, the  band of 
higher frequency was strongly reduced in intensity . These results led 
to  a new tes t for covalent hydration  : the  substance is refluxed w ith
27b D. D. Perrin and Y. Inoue, Proc. Chem. Soc. 342 (1960).
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m ethanol or ethanol for 24 hr, and the  product is exam ined (a) by 
elem ental analysis to  determ ine if one molecule of w ater has been re­
placed by one of alcohol and (h) by paper chrom atography to  see if the  
Rj value of the  product has changed, as it m ust do when covalently 
bound w ater is replaced (e.g. in 2- and 6-hydroxypteridine).^^
For a discussion of the  use of polarography and nuclear m agnetic 
resonance spectroscopy to  detect covalent hydration, see the  following
review. 10
G. C o n s e c u t i v e  H y d r a t i o n s
W hen two sites of hydration are favored in a molecule (see Section 
IV for the  influences involved), occasionally the  relative rates of 
hydration  are such th a t  the  first hydrate  formed is no t the  more 
stable one. Thus 2,6-dihydroxypteridine (7) adds w ater first across the
3,4-position to  give substance 8 , b u t hydration  across the  7,8-position 
takes place so effectively th a t  after 2 h r m ost of the  m aterial is present 
' as the  isomer (9). The la tte r  substance is the  more stable b u t its 
form ation involves overcoming a higher energy barrier.^®
[7]
H v^O H
H O ^
H
[8 ]
H  H
[9]
6-H ydroxy-7-m ethylpteridine (neutral species) is hydrated  in the
7,8-position, b u t it is transform ed by hot, dilute acid into w hat appears 
to  be an isomer in which w ater occupies th e  3,4-position; the  w ater is 
liberated by  alkali from the  la tte r  isomer a t a m easurable ra te  to  give 
the  anhydrous anion common to both species.
28 A. Albert, Y. Inoue, and D. D. Perrin, J. Chem. Soc. 5151 (1963).
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III. Occurrence of Covalent Hydration in Heteroaromatic Substances
A. G e n e r a l  D i s c u s s i o n  
Covalent hydration  has not been dem onstrated in heteroarom atic 
compounds containing only one hetero atom , nor in system s which 
possess other hetero atom s in addition to  nitrogen. The ready addition 
of nucleophilic reagents (e.g. acetylacetone, ethyl m alonate, the  
cyanide ion, and Grignard reagents) to  substances which are readily 
hydrated  such as 2-hydroxypteridine,^^ 6-hydroxypteridine,^^  quin- 
azoline,^^ and quinazoline 3-oxide always takes place across the  
same C = N  bond to  which th e  w ater molecule adds. Hence it m ight be 
expected th a t  other heteroarom atic compounds which readily form  
adducts (e.g. acridine,^^’ quinoxaline,^^ and eveii, perhaps, quinol­
ine would form covalent hydrates. However, no hydration  could be 
dem onstrated in these substances nor in cinnoline or phthalazine, 
perhaps because w ater is a weak nucleophile. I t  is always possible th a t  
by using a more rapid  or a more sensitive technique hydration  m ay be 
detected in these substances as well as in a wide range of others.
Covalent hydration  has been dem onstrated in the  following 
families of compounds: 1,6-naphthyridines, quinazolines, quinazo­
line 3-oxides, four families of 1,3,x -triazanapth thalenes, both  l,4,x- 
triazanaphthalenes, pteridines and some other tetraazanaphthalenes, 
and 8-azapurines ; these compounds are discussed in th a t  order. In  
general, for any particu lar compound (e.g. 6-hydroxypteridine) the  
highest ratio  of the  hydrated  to  the  anhydrous species follows the  
order: cation > neutral species > anion. In  some cases, however, 
anion form ation is possible only when the  species are hydrated , e.g. 
pteridine ; cf. 21 and N -m ethyl-hydroxypteridines (Section I I I ,  E, 1, d). 
Table V in ref. 10 should be consulted for the  ex ten t of hydration  in the  
substances discussed here.
B. N a p h t h y r i d i n e s  
The physical properties of four of the  six possible naphthyridines 
have been exam ined in some detail, and hydration  could no t be 
dem onstrated in the  neu tra l species and cations of 1,5-, 1,6-, 1,7-, and
28a T. Higashino, Chem. Pharm. Bull (Tokyo) 9, 635 (1961).
29 K. Lehmstedt and E. Wirth, Ber. 61, 2044 (1928).
89 F. Elrohnke and H. Honig, Ann. Chem. 624, 97 (1959).
81 F. W. Bergstrom and R. A. Ogg, J. Am. Chem. Soc. 53, 245 (1931).
82 F. W. Bergstrom and S. H. McAllister, J. Am. Chem. Soc. 52, 2845 (1930).
88 A. Albert, J. Chem. Soc. 1790 (1960).
Sec. I II .  C.] COVALENT HYDRATION: I. QUALITATIVE ASPECTS 19
1,8-napth thyrid ine. The principal evidence against hydration  was the  
sim ilarity between the  u ltraviolet spectra m easured in cyclohexane, 
in w ater a t  near neu tra l pH , and in dilute aqueous acid. The ionization 
constants also showed no apparen t anomaly. 1,6-N aphthyridine is of 
particu lar in terest because w ater could add a t two different sites,
5,6- (10) or 1,2- (11), to  form  cations which are stabilized by resonance 
(see Section IV  for a discussion of th is factor in stabilization). However,
O H
[10]
H ^  ^O H
H
H
H
O H
[11]
I
H
when th is substance was exam ined by rapid-reaction techniques the  
absence of hydration  was confirmed. The relatively positive nature  
(see Section IV) of C-2 and C-5 seems to  be responsible for the  absence 
of hydration. This has been dem onstrated by  a study  of 3-nitro- and 
8-n itro-1,6-napththyridines in which the  electron-dehciency on C-2 
and C-5 in 1,6-naphthyridine is reinforced. The neu tra l molecules of 
both  nitro  compounds are predom inantly  anhydrous, b u t the  cations 
are largely hydrated . The anomalous behavior of the  cations was 
revealed by u ltrav io let spectroscopy. Spectra determ ined in strong 
sulfuric acid and anhydrous dichloroacetic acid indicated th a t  w ater- 
addition was involved, and using rapid-reaction techniques the  
presence of the  unstable hydrated  neu tra l species was detected. 
H ydration  was absent from  both  the  neutral species and th e  cation of
3-nitro-1,5-naphthyridine.
C. Q u i n a z o l i n e s  
H ydration  in quinazolines has been discussed in an earlier review 
and will be only briefly reported  here. Recent findings are considered in 
more detail.
34 W. L. F. Armarego, in  “Advances in HeterocycUe Chemistry” (A. R. 
Katritzky, ed.), Vol. I, p. 253. Academic Press, New York, 1963.
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1. Quinazoline
The anomalous behavior of quinazoline was first discovered by 
A lbert et al.^  ^ who made the  surprising observation th a t  4-methyl- 
quinazoline (pÆ^ 2.5) was a weaker base than  quinazoline ('pK  ^ 3.5). 
Mason then  observed th a t  the  ultraviolet spectrum  of the  quin­
azoline cation was abnorm al b u t th a t  the  spectrum  of 4-m ethylquin- 
azoline was norm al (see Fig. 2). These anomalies led to  the  suggestion 
th a t  w ater adds covalently to the  cation of quinazoline^®’ to give 
12 (R =  H). The occurrence and position of hydration  were con­
firmed by a detailed study  of the  ultraviolet and infrared spectra of 
the  anhydrous and hydrated  hydrochlorides and by mild oxidation 
of the  cation to  4(3H)-quinazolinone. Using the  rapid-reaction tech­
nique (the continuous-flow m ethod), the  spectrum  of the  unstable
H
[12] [13]
neutral species 13 (R =  H) was obtained ; the  stopped-flow m ethod 
enabled the  p K /  value for 13 (R =  H) to  be determ ined as 7.77,^® 
which is in agreem ent w ith the  value of 7.64 for the  N -m ethyl derivative 
(13; R  =  Me). The structure  of 13 (R =  H) was arrived a t from the 
sim ilarity of its spectra (in w ater and cyclohexane) to  th a t  of its 
m ethyl derivative (13; R  =  Me), which has a well-established 
structure. The possibility of ring-chain tautom erism  in 13 (R =  Me) 
was excluded because the infrared spectrum  (solid and solution) did 
no t show a band corresponding to the  carbonyl stretching frequency. 
The sim ilarity of the  spectra and of the  spectral changes on pro tona­
tion  of both  13 (R =  H) and 13 (R =  Me) led to  assignm ent of the  
correct structure (12; R =  H) to  the  hydrated  cation of quinazoline.
2. Substituted Quinazolines
The neutral species of substitu ted  quinazolines are predom inantly 
anhydrous. The ratio  of the  hydrated  to  the  anhydrous neutral species
35 A. Albert, D. J. Brown, and H. C. S. Wood, J . Chem. Soc. 3832 (1954).
36 A. R. Osborn, K. Schofield, and L. N. Short, J. Chem. Soc. 4191 (1956).
37 A. Albert, Chem. Soc. {London) Spec. Publ. No. 3, 138 (1955).
38 D. J. Fry, J. D. Kendall, and A. J. Morgan, J . Chem. Soc. 5062 (1960).
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of quinazoline is 5.5 x 10~® (determ ined as described in the  following 
review^®), b u t the  derivatives have som ewhat different values 
depending on the  position and natu re  of the substituent. For 5-, 6-,
7-, and 8-nitroquinazolines th is ratio  is 2 .1 x 1 0 “ ,^ 1 .5xl0~^,
0.8 X 10“ ,^ and 10 x 10“ ,^ respectively, indicating the  electron- 
a ttrac ting  p roperty  of the  nitro  group. 2-H ydroxy quinazoline is 
hydrated  to  the  ex ten t of about 25% in the  neu tra l species.
The cations of quinazolines th a t  have a strong —I  substituen t (e.g. 
Cl, N O 2) are alm ost completely hydrated, and those w ith a weaker 
— or w ith a - I - / ,  substituen t (e.g. OMe, OH, NHg, Me) m ay contain 
a small proportion (about 10-25%) of the  anhydrous c a t i o n . T w o  
im portan t exceptions are now discussed. Substituents in the  4-position, 
w hether — /  or +  / ,  have a strong dehydrating effect (cf. Section I I , C). 
Again, when a strongly tautom eric (-\-T) substituen t (sometimes 
called a mesomeric substituent) is placed p am  (i.e. in position 7) to  the  
carbon atom  C-4, the  tendency to hydrate  is strongly reduced. This 
exam ple of “ action a t  a d istance” was dem onstrated in 7-methoxy-,
7-hydroxy, and 7-amino- quinazoline. ^  ^ The tautom eric effect, which 
is absent or barely perceptible in the  5-, 6-, and 8- (but present in the
+
[14]
7 - ) -isomers is due to  the  strong contribution to  the  cation by resonance- 
stabilized forms like 14. The electron enrichm ent of C-4 (by delocaliza­
tion of the  positive charge on N-3) repels the  negatively charged end 
of the  w ater molecule as it  approaches the  4-position during hydroxy­
lation.
Most substituen ts (Cl, Me, OMe) in the  2-position have only a small 
effect, if any, on the  hydration  of the  quinazoline cation; they  are 
similar in th is respect to  substituents in the  5-, 6-, and 8-positions (see 
above). A lthough hydration  in the  2-aminoquinazoline cation was a t 
first considered absent, a closer exam ination of the  entire spectra of 
both  species indicated th a t  the  cation spectrum  m ay be th a t  of a 
m ixture. H ydration  in the  cation has now been confirmed by the  rapid- 
reaction technique (the stopped-flow m ethod) which showed th a t  the  
unstable hydrated  neu tra l species had a half-life of 4.0 sec a t  20° and 
pH  9.60.^® The 2-hydroxyquinazoline cation has not been studied, b u t
39 W. L. F. Armarego, unpublished results (1963).
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the spectral differences between the  neutral species and the  cation 
are not unlike those of 2-aminoquinazoline. The cations of 2-mer- 
captoquinazoline (which exists m ainly in the  thione form ju st as
2-hydroxyquinazoline exists m ainly in the  oxo form) and 2-m ethyl- 
m ercaptoquinazoline are partly  hydrated.^®
In  examples where the  hydrated  cations contain between 10-80% 
of the  anhydrous species, u ltraviolet spectra corresponding to  m ixtures 
were obtained. I t  was possible in these cases, by carrying out rapid 
reactions on the  neutral molecule and recording the  extinctions a t 
suitable wavelengths, to  estim ate the  am ount of hydrated  species in 
the  cation (see Table V in ref. 10).^^
The anions of 2-, 5-, 6-, 7-, and 8-hydroxy quinazoline are anhyd­
rous.^^
The cation of 4,4'-biquinazolinyl and its 2,2 ' -dim ethyl derivative 
readily add w ater across the  3,4- and 3',4'-double bonds, b u t the  
cation of 2 ,2'-biquinazolinyl is not hydrated. H ydration  in the 4,4'- 
isomers has been a ttrib u ted  to  restricted  ro tation  about the  4,4'-bond, 
a steric effect which is relieved by hydration. The u ltraviolet spectrum  
of 2,2 '-biquinazolinyl (neutral species and cation) shows th a t  there is 
considerable conjugation between the  quinazoline groups. Covalent 
hydration is absent from the  la tte r compound because it would o ther­
wise destroy the extended conjugation present.
3. Quinazoline 3-Oxides
Quinazoline 3-oxide is similar to  quinazoline in its mode of hydra- 
tion.^®’^^  The neutral species of the  paren t substance and all the  
derivatives so far exam ined are predom inantly anhydrous. The 
cations, however, were seen to  be hydrated  from anomalies in the  
u ltraviolet spectra and the  ionization constants; e.g., quinazoline
3-oxide and its 4-m ethyl derivative have pKa values of 1.47 and 0.06, 
respectively. The structure  of the  quinazoline 3-oxide cation (12; 
R  =  OH) was deduced from spectral comparisons w ith suitable 
quinazolines and by gentle oxidation to  the  corresponding 4-oxo 
compound.^® In  the  cation of each substitu ted  quinazoline 3-oxide, the  
hydration p a tte rn  w ith chloro, m ethyl, and m ethoxy groups sub­
stitu ted  in the  benzene ring was the  same as in the  corresponding 
substitu ted  quinazolines. A m ethyl group in the  4-position was highly 
effective in minimizing hydration in the  cation. Most of the  conclusions 
were arrived a t by exam ination of the  spectral changes, in dilute and 
concentrated acid (see Section II ,B ), of the  N-oxides w ith and w ithout 
a 4-m ethyl group.^® I t  is of in terest to  note the  close resemblance 
between quinazoline and quinazoline 3-oxide cations, although the
40 A. Albert and G. B. Barlin, J. Chem. Soc. 3129 (1962).
40a W. L. F. Armarego and R. E. Willette, J. Chem. Soc., in press.
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higher acidities which are necessary (because of the  lower pK^ values) 
to  p ro tonate  the  N-oxide molecules have a dehydrating effect. The 
rapid-reaction technique was found unsuitable for weak bases of th is 
type (see Section I I ,  E).^®
D .  T r i a z a n a p h t h a l e n e s
1. l,3,x-Triazanaphthalenes
These compounds are discussed in two separate groups : (a) the
1.2.3- and 1,2,4-triazanaphthalenes, and (6) the  1,3,5-, 1,3,6-, 1,3,7-, 
and 1,3,8-triazanaphthalenes.
(a) 1,2 ,3-Triazanaphthalene has no t been prepared b u t several 
observations suggest th a t  it would behave as an unstable diazonium 
compound. The neutral species of the  3-oxide was stable a t  pH  7.1, 
although it decomposed readily in acid solution. The neu tra l species 
was considered to  be anhydrous because th e  spectrum  a t pH  7.1 
resem bled th a t  of 4-m ethyl-1,2,3-triazanaphthalene 3-oxide, in 
which hydration  would be minim ized by the  “ blocking effect” of the  
m ethyl group. Decomposition in acid m ost probably involves 
addition of w ater across C-4 and N-3 because o-azidobenzaldehyde was 
formed. The 4-m ethyl derivative underw ent similar decomposition.
The ultraviolet spectra of the  neu tra l species and the  cation of
1.2.4-triazanaphthalene are very similar, and the  prediction th a t  
hydration  would not occur is confirmed also by the  pK^ value of — 0 .8 .^^
(b) 1,3,5-, 1,3,6-, 1,3,7-, and 1,3,8-Triazanaphthalenes have been 
studied in detail, and the ir neutral species were shown to be p re­
dom inantly  anhydrous. The ratios of the  hydrated  to  the  anhydrous 
forms in 1,3,5-, 1,3,7-, and 1,3,8-triazanaphthalene were 0.45 x 10"^, 
2.3 X 10~^, and 0.20 x 10~^, respectively. N either th is ratio  nor the  pKa 
value for 1,3 ,6-triazanaphthalene could be m easured because the  
compound decomposed rapidly  in acid solution. The neutral species 
also, a t pH  7.1, showed small changes in the  spectrum  after 3.5 h r (at 
20°), and after 2 weeks a t th is pH  the  substance was completely con­
verted  into 4-am inopyridine-3-aldehyde.i4 The other three triaza ­
naphthalenes were very stable under the  same conditions, b u t they  
decomposed rapidly  in N-sodium  hydroxide.
The spectra of 1,3,5-, 1,3,7-, and 1,3,8-triazanaphthalene cations 
revealed th a t  they  were predom inantly  hydrated, and mild oxidation 
to  the  corresponding 4-oxo compounds indicated th a t  hydroxylation 
took place on C-4. R ing-chain tautom erism  in the  cation was ex­
cluded,^* a t least during the  first 45 m in after mixing, because negative 
aldehyde tests were obtained w ith ^-nitrophenylhydrazine. 1,3,6- 
T riazanaphthalene, under the  same conditions, gave a yellow précip it­
ai J. G. Erickson, P. F. Wiley, and V. P. Wystrach, “ The, 1,2,3- and 1,2,4-
Triazines, Tetrazines, and Pentazines.” Wiley, New York, 1956.
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ate  of the  hydrazone after 3 min. P rotonation of the  1,3,5-, 1,3,7-, and
1,3,8-isomers was though t to  occur in the  pyrim idine ring because the  
p K /  values (ionization of hydrated  species) were similar for all three 
isomers.**
As in the  neutral species (above), hydration in the  cations of 1,3,5-,
1,3,7-, and 1,3,8-triazanaphthalenes is followed by slow ring-opening, 
b u t the  am ount of ring-opened product is negligibly small in the  first 
30 min, allowing enough tim e for accurate determ ination of the  ioniza­
tion and ra te  constants. The ring-opening reaction, however, appears 
to  be irreversible, because it is followed by a more rapid  degradation to 
the  corresponding am inopyridinealdehydes.**
These triazanaphthalenes and the  Rz-nitroquinazolines are good 
examples to  dem onstrate the  fact th a t  values are unsuitable for
com parative purposes. Thus, in Table II , comparison of the  pKa^^ 
values suggests th a t the seven negatively substitu ted  quinazolines are 
stronger bases th an  quinazoline, which is absurd in view of the  well- 
known base-weakening effect of the  nitro group and an ex tra  ring- 
nitrogen atom . The p K J  values, however, which refer to the  hydrated  
neutral species and their cations are in the  correct order.
TABLE II
C o m p a r i s o n  o f  pA„®^ a n d  p K J  V a l u e s  o f  
Q u i n a z o l i n e  a n d  S o m e  D e r i v a t i v e s ^4
Compound P l^ /
Quinazoline 3.51 7.77
5 -N itr o quinazoline 3.75 6.43
6 -N itro quinazoline 4.18 7.02
7 -Nitroquinazoline 4.05 6.15
8 -Nitro quinazoline 4.00 6 .00
1,3,5-Triazanaphthalene 4.11 6.46
1,3,7-Triazanaphthalene 4.70 6.35
1,3,8 -Triazanaphthalene 3.85 6.56
In  2-hydroxy-1,3,8-triazanaphthalene (the only l,3 ,x-triazanaph- 
thalene w ith an acidic function th a t  has been studied) the  percentage 
of the  hydrated  species in the  neutral molecule and in th e  anion was 
found to  be 90 and 6, respectively.
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2. l,4,x-Triazanaphthalenes
1,4,6-Triazanaphthalene, although a t one tim e thought to undergo 
ring-opening under acidic conditions, is now known to form a stable 
hydrated  c a t i o n . E x a m i n a t i o n  of the  ultraviolet spectra by the  
stopped-flow technique has shown th a t  the  ratio  of the  hydrated  to  the  
anhydrous forms is 95 and 0.0001 for the  cation and neutral molecule, 
respectively, a t  equilibrium . This substance hydrates in the  1,2- 
position. H ydration  has also been found in the  3-methyl, 3-hydroxy, 
and 7-amino derivatives, bu t no t in the  2- or 8-hydroxy deriva­
tives.^®’*^
No hydration  could be detected in 1,4,5-triazanaphthalene. H ow­
ever, the  cation of the  2-hydroxy derivative had been shown to hydrate  
in the  3,4-position, and the  ratio  of the  hydrated  to  the  anhydrous 
forms is 16. The hydrate  of the  neutral species is unstable bu t has a 
half-life of 6 min a t pH  7, which perm its easy m easurem ent of the  
ionization and ra te  constants.^®
E. T e t r a a z a n a p h t h a l e n e s
1. Pteridines {1,3,5,8-Tetraazanaphthalenes)
Of all the  heteroarom atic compounds th a t  have been exam ined 
qualitatively  and quan titative ly  for covalent hydration, the  pteridines 
constitu te  the  largest series. Most of the  quan tita tive  relationships 
which were used in earlier discussions were first derived for the  
hydroxypteridines.^^^ Also m ost of the  known examples of hydration  
in anions were found in th is series.
(a) Pteridine and C-Methyl Derivatives. The high basic strength  of 
p teridine (pÆ^ 4.21) was first observed*^ in 1951, b u t the  theoretical 
explanation for it came eleven years later. ^ * Close exam ination of the  
ultraviolet spectra showed th a t  the  freshly liberated neutral species 
altered slowly coming to  equilibrium  after 10 hr. This change is due 
to  the  establishm ent of the  equilibrium  15 ^  16, which a t 20° is 3 .5 :1 
in favor of 15. W hen a solution of pteridine is acidified, the  m ixture 
is rapidly  converted into the  hydrated  cation (17), which on neutra liza­
tion  is deprotonated to  yield a solution consisting predom inantly  of 16, 
bu t th is in tu rn  slowly changes into the  original equilibrium  m ixture 
of the  neu tral species. The pK^ value for the  pro tonation  of 16 is 4.79. 
The structure  of the  hydrated  species (17) was derived by oxidation
42 Y. Inoue and D. D. Perrin, J. Chem. Soc. 5166 (1963).
43 A. Albert, D. J. Brown, and G. Cheeseman, J . Chem. Soc. 474 (1951).
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H
[15] [16] [17]
to  the  weU-known 4-hydroxypteridine and by the  isolation of hydrated  
s a l t s . T h e  spectrum  of 17 a t pH  2 changed steadily during 2-3 hr, bu t 
rem ained stable thereafter. This change (half-life 35 min) corres­
ponded to  the  ring-opening reaction 17 ^  18. The constitution of 18 
was derived by spectral comparison w ith 2-am inom ethyleneam ino-3- 
form ylpyrazine oxime and its cation. The pÆ^ value for 18, determ ined 
by rapid-reaction m ethods, is 5.17.
AT GHO
NH2
+
H
[18]
The “ blocking effect ” of the  m ethyl group in 4-m ethylpteridine has 
been found to  decrease the  ratio  of the  hydrated  to  the  anhydrous 
species in the  neu tral molecule and in the  c a t i o n , b u t  the  small 
proportion of hydrated  cation rapidly  undergoes the  ring-opening 
reaction 19 ->20 and hence is steadily regenerated from its anhyd­
rous form. 2-M ethylpteridine behaves like pteridine, b u t in 7-m ethyl- 
p teridine the  “ action a t a distance ” { +  M) effect of the  m ethyl group 
(see Section III ,C , 2) produced a smaller ratio  of the  hydrated  to  
anhydrous species.
,Oj-IL cHa
Hgcv I
I 1  I  ^  I
H H
[19] [20]
In  strong alkaline solution pteridine behaves as a weak acid^^’ ^^  
w ith  a pÆg value of 11.21. To explain this property, th e  resonance- 
stabilized anion 21 was derived from th e  hydrate  16.
44 Y. Inoue and D. D. Perrin, J . Chem. Soc. 2648 (1963).
45 A. Albert, D. J. Brown, and H. C. S. Wood, J. Chem. Soc. 2066 (1956).
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[21]
(b) 2-Aminopteridine and Its Methyl Derivatives. H ydration  in the  
2-am inopteridine cation was suspected when the  yellow color of an 
aqueous solution disappeared on acidification. Also, the  pH  readings, 
on titra tio n  w ith acid and back titra tio n  w ith alkali, traced  out a 
hysteresis loop (cf. Fig. 1). O ther examples studied were 2-amino-4- 
m ethyl-, 2-amino-6-methyl-, 2-amino-4,6-dimethyl, 2-amino-4,7-di- 
m ethyl-, 2-am ino-6,7-dim ethyl-, 2-amino-4,6,7-trim ethyl-, 2-methyl- 
amino-, and 2-dim ethylam ino-pteridine. ^  ^ Paradoxically, 2-amino­
pteridine is a stronger base th an  any of its m ethyl derivatives, and, 
moreover, each dim ethyl derivative is a weaker base th an  either of its
3 60 4 0 0200 2 4 0 2 8 0  mp, 3 2 0
F ig . 5. Ultraviolet spectra of the cations of 2-aminopteridines : (A) unsub­
stituted, (B) 4-methyl, and (C) 4,7-dimethyl.
paren t m onom ethyl derivatives. The spectra of the  neutral species of 
2-am inopteridine and all its m ethyl derivatives resemble one another, 
which indicates th a t  they  are predom inantly  anhydrous. On the  other 
hand, the  cationic spectrum  of 2-am inopteridine differs very  m uch 
from th a t  of the. 4-m ethyl derivative, which is the  more norm al. This 
difference indicated th a t  the  cations of 2-am inopteridines were 
hydrated  and th a t  th is effect was largely repressed by  the  “ blocking 
effect” of the  m ethyl group in the  4-position. This was clearly shown 
by a comparison of the  cationic spectra in w ater and in anhydrous 
dichloroacetic acid. The ratio  of the  extinction coefficients allowed 
calculation of the  ex ten t of w ater-addition, which decreased from  99%
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to  1% in the  order: unsubstitu ted  > 6-Me > N-Me % 7-Me > 6 ,7-Me2 
> 4-Me > 4 ,6-Me2 > 4 ,7-Me2. These results agree well w ith the 
values. Ring-opening was excluded in th is series because acidic 
solutions gave negative aldehyde tests. Fig. 5 shows how the  presence 
of the  m ethyl group in the  4-position can partially  block hydration  of 
the  2-am inopteridine cation. W hen th is “ blocking effect” is assisted 
by the  -f M  effect of another m ethyl group in the  7-position, blocking 
of hydration  becomes complete. The ultraviolet spectra of the  neutral 
species of the  three substances shown in Fig. 5 are identical.
(c) Hydroxy pteridines. The neutral species of 2- and 6-hydroxy- 
pteridines form stable covalent hydrates, b u t the  4- and 7-isomers do 
not. 2-H ydroxypteridines add w ater across the  C-4 and N-3 bond, 
whereas 6-hydioxypteridines add w ater across the  C-7 and N -8 bond. 
The fact and positions of hydration were determ ined by the  anomalous 
ultraviolet spectral changes between the  neutral species and the 
anion, by comparison of the  spectra and ionization constants w ith 
those of the corresponding dihydro derivatives (see Table I), and by 
m ild oxidation to  the  well-known 2,4-dihydroxy- and 6,7-dihydroxy- 
pteridines.^ Confirmation of the  positions of hydration was obtained 
by  use of the  “ blocking effect” of a m ethyl group in the  4- and 7- 
positions, respectively.^®’
6-Hydroxy- and 6-hydroxy-7-m ethyl-pteridine cations are so 
strongly hydrated  th a t  the  “ blocking effect” of the  m ethyl group 
is not obvious.^® In  the  neutral species, on the  other hand, 6- 
hydroxypteridine has a ratio  of the  hydrated  to  the  anhydrous forms 
of 125, whereas 6-hydroxy-7-m ethylpteridine has a ratio  of 1.^ ® By 
analogy w ith this, other hydroxypteridines which are hydrated  to some 
ex ten t in the  neutral species would be expected to  have a still higher 
proportion of the  hydrated  species in the  cation. However, because of 
the  low basic values of 2-hydroxypteridine and its derivatives, the  
acid required for protonation is apparen tly  strong enough to  have a 
dehydrating effect (see Section II , B, 2).
Most of the  work done in the  pteridine series has been concerned 
w ith the  equilibria between the  neutral species and the  anions. This 
work was more fruitful th an  th a t  involving the  cations because all 
three of the  values, pA^^, and p K J  (for definitions, see Section
II , A), could be determ ined, and, from these, ratios of the  hydrated  to  
the  anhydrous forms were calculated. Furtherm ore, the  kinetics in the
46 Y. Inoue and D. D. Perrin, J . Chem. Soc. 2600 (1962).
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pH  region 4-11 were studied accurately, and from the A^obs of the  
hydration-dehydra tion  process, (rate constant for hydration) and 
(rate constant for dehydration) were d e r i v e d . T h e  anions were 
considerably less hydrated  th an  the  neutral species.^®
The ratio , a t equilibrium , of the  hydrated  to  anhydrous forms (for 
both  neutral species and anions) has been m easured for the following: 
2-hydroxypteridine and its 4-, 6-, and 7-m ethyl and 6,7-dim ethyl 
derivatives; 6-hydroxypteridine and its 2-, 4-, and 7-m ethyl deriva­
tives ; 2,6-dihydroxypteridine ; and 2-amino-4,6-dihydroxypteridine.^® 
The following showed no evidence of hydration  : 4- and 7-hydroxy- 
p terid ine; 2,4-, 2,7-, 4,7-, and 6,7-dihydroxypteridine ; and 2-amino-
4-hydroxypteridine. The kinetics of the  reversible hydration of 
2-hydroxypteridine and its C-methyl derivatives (also 2-mercapto- 
pteridine) have been m easured in the  pH  region 4-12, and all these 
reactions were found to  be acid-base catalyzed. The am ount of the 
hydrated  form in the  anions is always smaller th an  in the  neutral 
species, b u t it is no t always negligible. Thus, the  percentages in 
2-hydroxy-, 2-hydroxy-6-methyl-, 2-mercapto-, and 2 ,6-dihydroxy­
pteridine are 12, 9, 19, and 36%,^® respectively (see also Table VI in 
ref. 10).
(d) N-Methyl-hydroxypterines. M any pteridines which, in the  an ­
hydrous form, lack an  ionizable hydrogen atom  give stable anions 
clearly indicating th a t  hydration  of the  neutral species m ust precede 
form ation of anions. The various N-alkyl derivatives of 2- and 
6-hydroxypteridine behave in th is way.
O O -
M e C H s C H s
[22] [23] [24]
6,7,8-Trim ethyl-2-pteridinone (22) has acidic properties (pK^ 10.26) 
and hence m ust be hydrated  in the  anion. The neutral species exhibits 
a N H -stretching band a t 3414 cm~^ in chloroform solution and hence 
m ust be a t least p a rtly  hydrated.^ The suggestion th a t  the  hydroxyl 
group is a ttached  to  C-7 needs to  be confirmed. Fidler and Wood 
prepared several analogues of 22 and noted their affinity for w ater, 
which they  considered no t to  be covalently bound in th e  neutral
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species b u t to  be covalently bound in the  anion. The ultraviolet 
spectra do no t reflect such a large constitutional change on ionization, 
and the  subject needs fu rther exploration.
6,7,8-Trim ethyl-4-pteridinone is an acid of pK^ 9.5 and is therefore 
hydrated  in the  anion. ^  The hydroxyl group is though t to  be a ttached  
to  C-7 and the  negative charge to  resonate between N -1 and N-3. The 
neutral species cannot be appreciably hydrated  because its u ltra ­
violet spectrum  is very different from th a t  of the  anion.
Other anion-forming substances in which hydration  has been 
established include 1- and 3-m ethyl-2-pteridinone, 3,6,7-trimethyl-2- 
pteridinone,^ and 5-methyl-6-pteridinone.^^
Although 2,4-dihydroxypteridine gives no signs of a tendency to 
hydrate, the  3,8-dimethyl derivative 23 (3,8-dim ethyl-2 ,4-pteridin- 
dione) has a pK^ of 10.4 and, hence, presum ably, is hydrated. The 
anion absorbs (A^ax) 306 mp, and the  neutral species a t 393 m/x, 
figures which indicate th a t  a large structu ra l change occurs in passing 
from one species to the  o t h e r .T h i s  is one of the  few known examples 
where an anion is more hydrated  th an  the  corresponding neutral 
s p e c ie s ,b e c a u s e  the  ionizable hydrogen is derived from the  w ater 
molecule th a t  has been added. The anion appears to  be stabilized by 
resonance between the  form 24 and th a t  w ith the  negative charge on 
0-2. The 8-m ethyl derivative (4-hydroxy-8-methyl-2-pteridinone) has 
an anion which exhibits peaks a t both  307 and 405 m/x, suggesting 
th a t  it  is a m ixture of the  hydrated  (principally) and anhydrous 
forms, although pro to tropy  between N -1 and N-3 m ust also be taken  
into consideration.
There are indications th a t  bulky groups in the  7- or 8-position 
decrease the  absorption in the  405 m/x region (and hence they  can 
presum ably increase hydration  in the  anion, a som ewhat surprising 
result).
4-Hydroxy-8-hydroxyethyl-6,7-dim ethyl-2-pteridinone has been 
shown to  have the  same absorption spectrum  in alkaline solution as its
1,7-dihydro derivative, nam ely peaks a t 231, 283, and 316 m/x. This
47 w .  E. Fidler and H. C. S. Wood, J. Chem. Soc. 3980 (1957).
48 Dr. W. Pfleiderer (Stuttgart), personal communication (1962).
49 P. Hemmerich, in  “Pteridine Chemistry” (W. Pfleiderer and E. C. Taylor, 
eds.), p. 143. Pergamon Press, Oxford, 1964.
80 W. Pfleiderer and G. Nubel, Chem. Ber. 93, 1406 (1960).
51 C. H. Winestock and G. W. E. Plant, J . Org. Chem. 26, 4456 (1961); G. F. 
Maley and G. W. E. Plant, J. Biol. Chem. 234, 641 (1959).
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observation has been in terpreted  to  m ean th a t  the  anion is completely 
hydrated  while the  neutral species is a n h y d ro u s .T h is  substance is a 
model of the  pteridine interm ediate in the  biosynthesis of riboflavin, 
and m any analogues are known.
(e) Chloro- and Mercapto-pteridines. (See N ote Added in Proof, page 
41.)
2. Pyrazinopyrazines (1,4,5,8-Tetraazanaphthalenes)
1,4,5,8-Tetraazanaphthalene has a value of 2.51. This differs 
greatly  from the  calculated value ( — 2.7) and, because the  system 
(during th e  potentiom etric m easurem ents) took some tim e to  come to  
equilibrium , hydration  in the  cation was suspected. F u rther evidence 
came from the  observation th a t  th e  fine structure  which is observed in 
the  u ltrav io let spectrum  of the  neu tra l species in w ater and cyclo­
hexane is absent from the  spectrum  determ ined in aqueous acid. 
P ro tonation  of the  compound caused th e  long-wavelength band to 
shift 20 m/x tow ards the  visible (see Fig. 3). After rap id  neutralization 
of an acid solution the  spectrum  m easured was th a t  of the  hydrated  
neu tra l species, which dehydrated  very slowly to  the  anhydrous 
neu tral species. The dehydration a t pH  8.1 was not complete until 16 
days had elapsed: th is is one of the  m ost stable hydrated  neutral 
species ye t encountered in any s e r ie s .S t ru c tu r e  25 was assigned to 
the  hydrated  cation and 26 to  the  corresponding neu tra l species. Ring- 
opening to  give 27 was excluded on the  grounds of a negative te s t for 
aldehydes (see Section V) and also by mild oxidation to  2 ,3-dihydroxy-
1,4,5,8-te traazanaphthalene, which had an identical infrared spec­
trum  w ith an au then tic  sample. F u rth er support for the  hydrated  
structu re  was obtained from the  spectrum  in anhydrous dichloroacetic 
acid, which m ust be th a t  of the  anhydrous neu tra l species (because 
the  p K  for the  anhydrous form is — 2.7), and addition of w ater restored 
the  spectrum  of th e  hydrated  cation.
H H H H
[25] [26] [27]
52 T. Rowan, H. C. S. Wood, and P. Hemmerich, Proc. Chem. Soc. 260 (1961). 
52a Calculated by subtracting 2.7 (due to the base-weakening effect produced by 
removal of four methyl groups) from the pK^ ( — 0 .0 2 ) of 2 ,3,6 ,7-tetramethyl- 
1,4,5,8 - tetraazanaphthalene, which forms an anhydrous c a t i o n .  15
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Similar analyses of 2-methyl-, 2 ,3-dimethyl-, 2,3,6-trim ethyl-, 
and 2,3,6,7-te tram ethy l-1,4,5,8-tetraazanaphthalene showed th a t  all 
the  neutral species were anhydrous. W hereas the  cations (in aqueous 
solution) of the  2-m ethyl and 2 ,3-dim ethyl derivatives were p re­
dom inantly  ( > 95%) hydrated , the  2,3,6-trim ethyl cation had only a 
trace of hydrated  species and th a t  of the  2 ,3,6,7-tetram ethyl derivative 
was anhydrous.
3. Other Tetraazanaphthalenes
The hydrochlorides of several 1,3,6,8-tetraazanaphthalenes have 
been shown by n.m .r. studies to  have w ater or m ethanol bound across 
the  5,6-bond.^® The affected substances are 28 (R =  Me, R ' =  R" =  H), 
28 (R =  R ' =  R" =  H), 28 (R =  R ' =  H, R" =  Me), and 28
(R =  R ' =  R" =  Me). These hydrates readily undergo acid hydrolysis 
to  give (substituted) 4-formamidopyrimidine-5-aldehyde.
SM e
N
[28]
F. P u r i n e s  a n d  A z a p u r i n e s  
For reasons discussed in Section VI, a survey of the  purine series (29) 
is being m ade in th is D epartm ent, b u t so far no example (including 
2-hydroxy- and 8-trifluorom ethyl-2-hydroxy-purine) of covalent 
hydration  has come to light. An exam ination of ionization con­
stan ts disclosed no apparen t anomalies, although the  in te r­
p reta tion  is made more difficult by the  ease of anion form ation in the  
9-position, which often competes w ith th a t  from other anionic sub­
stituents. The only abnorm al spectrum  seems to  be th a t  of the 
anion of 2-m ercaptopurine which is being further examined.
This does not exclude the  possibility th a t  hydration  occurs too 
rapidly to  be detected w ith existing apparatus. Special point is given 
to th is conclusion by a recent survey of 8-azapurines.^® The abnorm al
53 W. A. Ehrhart, Ph.D. Thesis, Princeton University, 1963; personal com­
munication from Prof. E. C. Taylor (1963).
54 A. Albert and D. J. Brown, J . Chem. Soc. 2060 (1954).
55 D. J. Brown and S. F. Mason, J. Chem. Soc. 682 (1957).
56 G. B. Elion, J . Org. Chem. 27, 2478 (1962).
57 S. F. Mason, J. Chem. Soc. 2071 (1954).
58 A. Albert and D. D. Perrin, unpublished results (1963).
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ultravio let spectrum  and pK^ value indicated th a t  th e  8-azapurine 
cation is hydrated. R eady oxidation w ith acidified hydrogen peroxide 
to  6-hydroxy-8-azapurine proved th a t  the  1,6-double bond in 8-aza­
purine is the  site of hydration.
2-H ydroxy-8-azapurine was shown by rapid-reaction techniques 
(see Section II , E) to  be anhydrous in the  anion and hydrated  in the  
neu tral species. The hydration  reaction has a half-tim e of about 0.5 
second, which is too rapid  for exact m easurem ents w ith existing 
apparatus. The cation of 2-amino-8-azapurine was shown to have an 
anomalous pKa value and ultraviolet spectrum , although its 6-m ethyl 
derivative is quite norm al. H ydration  in th is case proved to  be too fast 
to  register in the  rapid-reaction apparatus.^®
IV. Factors in the Stabilization of Covalent Hydrates
I t  is easy to  understand  why an aldehyde, or even a heteroethylenic 
substance, should hydrate  readily. I f  a double bond is highly polarized, 
it is certain to  a ttra c t a w ater molecule (or one of the  two w ater ions) 
to  w ithin reacting distance. However, i t  is no t a t once evident why an 
apparen tly  fully arom atic molecule like pteridine should react so 
readily w ith water. The answer to th is problem is to  be found in the  high 
electron-affinity of a nitrogen atom  when it is doubly bonded. Such an 
atom  has the  electron-withdrawing force of a n itro  group. Thus, the  
presence of several doubly bonded nitrogen atom s in one arom atic ring 
(especially if they  are placed meta to one another so th a t  the  separate 
effects are entirely additive) depletes the  7r-electron layer so strongly 
th a t  norm al arom atic stab ility  is destroyed. As a result, an isolated and 
highly polarized double bond is exposed, and reactions occur th a t  are 
typical of such a bond. Thus, m any nucleophilic reagents are easily 
added to  the  3,4-double bond of 2-hydroxypteridine and to  the
7,8-double bond of 6-hydroxypteridine.^® Such reagents include 
amm onia, hydroxylam ine, m ethanol, and the  Michael reagents (such 
as ethyl cyanoacetate, and even acetone) (cf. Section I I I ,  A). Also, a 
second molecule of the  hydroxypteridine can be added to  give a 
dimer.®
However, w ater is a m uch weaker nucleophilic reagent th an  m ost of 
the  above substances and therefore would not rem ain strongly bound 
unless some fu rther forces were operative. I t  is our belief th a t  resonance 
is the  principal cause of th is ex tra  stabilization. We have found th a t  
these resonances are varied in nature, b u t they  all fit in to  one or the  
other of the  following principal classes.
34 ADRIEN ALBERT AND W. L. F. ARMAREGO [Sec. IV.
1. The amidine-type resonance, th e  well-known base-strengthening 
resonance of aliphatic  am idines/®  is m ost p rom inen t in th e  cations 
(30) b u t is no t negligible in th e  n eu tra l species (31). Q uinazoline/^ the 
l , 3 ,x -triazanaphthalenes (w here'hydration is confined largely to the 
cation), and  p terid ine ® ’ (where th e  n eu tra l species is hyd ra ted  to  the 
ex ten t of 22%) are exam ples of com pounds in w hich stabilization of 
hyd ra tion  by  am idine resonance occurs.
H ^ O H
I
[31]
2 . The guanidine-type resonance, which is p resen t in aliphatic 
guanidines, is stronger th a n  th a t  in  th e  corresponding amidines, a t 
least in th e  case of th e  cationic form s. 2-Am inopteridine^^ and 
2-am inoquinazoline cations are tw o exam ples of com pounds in which 
hydra tion  is stabilized by  th e  presence of a guanidino group (32).
~N=/=NH2 
I
H  
[32]
3. The urea-type resonance is illustra ted , as th e  neu tra l species, by 
33. Resonance of th is  type  does no t operate  in anionic species because 
one of th e  two possible canonical form s would have to  carry  the  nega­
tive  charge on the  oxygen atom  and th e  o ther on th e  nitrogen atom , 
and these forms would be unequivalent. The u rea-type  resonance is 
exemplified by  the  neu tra l species of 2-hydroxypterid ine, which is 
strongly  hyd ra ted  and has an anhydrous anion.
4. The 4-aminopyridine-type resonance, one of th e  m ost in teresting  
m ethods by which hydra tion  is facilita ted , is illu stra ted  by  th e  small 
resonance in th e  neu tra l species of 4-am inopyridine (34) and  th e  far 
greater resonance in th e  cation of th e  sam e substance (35). 4-Amino- 
pyridine owes its strongly  basic properties (pÆg 9 .2 , as com pared to
59 G. E. K. Branch and M. Calvin, “ The Theory of Organic Chemistry.” 
Prentice-Hall, London and New York, 1944.
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5 4-
H gN ^
[34]
+H 2O ;
-H 2 O
- H +
[35]
[36] [37]
5.2 for pyridine) to  th is difference in resonance. ®® The 4-aminopyridine- 
type resonance is actually  a vinylogous amidine resonance, and its 
stab ility  depends upon th e  sim ilarity  in energy of such^am -quinonoi- 
dal conjugations and  th e  K ekulé-type (or benzenoid) conjugations. 
The sim plest com pound so far discovered^®’ th a t  shows this 
resonance is 1,4,6-triazanaphthalene (36), which is predom inantly 
anhydrous in th e  neu tra l species b u t forms a highly hydrated  cation, 
the 4-am inopyridine com ponent of which is apparent in formula 37. 
Many of its derivatives behave similarly.^® Exam ples of stabilization 
by th is ty p e  of resonance have been m uch studied in the  6-hydroxy­
pteridine series.^®’
5. 2-Aminopyridine and 2-aminopyrazine-type resonances. The 
or^Ao-quinonoid resonance in 2-am inopyridine, corresponding to  the 
pam -quinonoid  resonance in 4-am inopyridine (34 and 35), is m uch 
weaker and, for th e  p resent purposes, of borderline significance. Thus, 
although 1,4,5-triazanaphthalene is anhydrous, a  2-aminopyridine- 
type of hyd ra tion  stabilization has been found in the  cation of its 2- 
hydroxy derivative.^® However, when a further ring-nitrogen atom  
was in troduced in to  th e  pyridine ring of 1,4,5-triazanaphthalene to  
give 1,4,5,8-te traazanaphthalene, it was found th a t the  hydrated  
cation was readily  form ed and also th a t  the  hydrated  neutral species 
was relatively  stable.^® The cause of th is stabilization is the  2-amino- 
pyrazine-type resonance as shown in the  cation 38. The ex ten t to
H
[38]
H H
60 A. Albert, R. J. Goldacre, and J. N. Phillips, J. Chem. Soc. 2240 (1948).
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which 2-am inopyrazine resonance is stronger th an  2-am inopyridine 
resonance can perhaps be judged by the  difference in the  p K  values 
between these 2-amino derivatives and the  paren t substances, viz. 2.5 
and 1.6 , respectively.
6 . Oxygen anion resonance. This means of stabilizing hydration 
depends on the  resonance shown in 39b-c, which is akin to  2,4- 
dihydroxy pyridine anion resonance. An example of its occurrence (e.g. 
24) is m entioned in Section I I I ,E ,  l ,d . This resonance bears a close 
resemblance to the  pteridine anion resonance shown in form ula 21 ,
R '
O H -
o -
-H a O
R
[b]
R
O
[c]
[39]
where the  addition of w ater to  pteridine produces a system  which is 
capable, in alkaline solution, of losing a proton from a nitrogen atom  
to form the  anion 21. In  contrast, the  resonance now being discussed 
involves the  loss of a proton from N -1 in 39a to  produce an anion which 
is tautom eric w ith 39b and 39c.
In  all the  examples studied, the  difference in the  free energy between 
the  anhydrous and hydrated  species is 4 kcal/mole or less.^® B oth 
electron deficiency and resonance stabilization are necessary for 
covalent hydration to  be measurable.^® The necessity for electron 
deficiency is clearly shown in the  following examples. The cation of 
1,4,5-triazanaphthalene^® is anhydrous, b u t the  cation of 1,4,5,8- 
tetraazanaphthalene is predom inantly hydrated.^® 1,6-N aphthyridine 
cation is anhydrous, whereas the  cations of the  3- and 8-nitro deriv­
atives are predom inantly hydrated. Also, the  percentages of the  
hydrated  form  in the  neutral species of 2-hydroxy-1,3-diaza-, 1,3,8-
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triaza-, and 1,3,5,8-tetraazanaphthalene are 25, 90, and 99.7%, 
respective ly .^® A gain , the ratios of the hydrated  to anhydrous forms 
in the  neutral species of 1,3-diaza-, 1,3,8-triaza-, and 1,3,5,8-te traaza­
naphthalene are 5.5 X 10~®,2.0x lG~®,and2.9x 10“ ^,respectively.^'^’
T hat resonance stabilization is ju st as essential as electron deficiency 
is shown by the  anhydrous nature  of both the  neutral species and the 
cation of 4-nitroisoquinoline (40) and 3-nitro-1,5-naphthyridine (41), 
for which hydration can cause no ex tra  stabilization by resonance. 
These two substances are to  be contrasted w ith equally electron- 
deficient substances which form strongly resonant hydrates, viz. 
quinazoline^^ and 1,3,5-triazanaphthalene,^^ respectively. No hydra­
tion could be detected in phthalazine or 8-m ethyl-1,6,7-triazanaph­
thalene (a 5-azaphthalazine).®^
N O 2
[40] [41]
In  general, electron-releasing groups (e.g. —NHg, — OH) diminish 
or prevent covalent hydration by decreasing the  electron deficiency 
in the  nucleus. This dim inution becomes ineffective if a new kind of 
stabilizing resonance is facilitated by the  substituent, e.g. the  urea- 
type resonance and the  4-am inopyridine-type resonance in 2- and 
6-hydroxypteridine, respectively. The reluctance of the  anions of these 
substances to  form hydrates is a ttrib u ted  to  the  stable benzenoid 
system, e.g. 42, in the  anhydrous anion compared w ith the  predom in­
antly  lactam  form  of the  neutral species, e.g. 43.
H
[42] - [43]
Thus far, this section has been concerned w ith the explanation of 
the factors responsible for the  covalent hydration of heteroarom atic 
substances. Heteroethylenic substances (e.g. the dihydropyridines,
61 W. L. F. Armarego, J. Chem. Soc. 6073 (1963).
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dihydropyi'ans, and dihydropyrroles) add w ater m uch more readily, 
bu t th is behavior is far less rem arkable.
This section m ay be appropriately  concluded w ith a comparison 
between two phenom ena: (a) covalent hydration  and (b) the  pseudo­
base form ation th a t  occurs when alkali is added to  an aqueous solution 
of a quaternary  heterocycle.®® The sim ilarity between these two pro­
cesses resides in the  conversion of an arom atic ring into a nonarom atic 
ring bearing a secondary alcohol group. However, the  conditions for 
the  production of th is change are usually very different. Thus acridine 
m ethochloride, which is not hydrated , gives the  pseudobase 44 w ith 
alkali, whereas 2-am inopteridine hydrochloride, which is completely 
hydrated, gives anhydrous 2-am inopteridine w ith alkali. Some of this 
difference is due to  the  greater ease w ith which the  N—H  bond is 
broken (with loss of water) in hydrated  2-am inopteridine, as com­
pared to  the  N—CH 3 bond (with loss of m ethanol) in the  acridine 
pseudobase.
In  those few cases where hydration  and pseudobase form ation 
parallel each other, the  agreem ent can be traced  to  the  fortuitous 
circumstance th a t  the  structure  and electronic configuration of the  
molecule perm it both  phenom ena to  occur sim ultaneously. Quin- 
azoline-3-methochloride, one of these rare examples, is discussed in 
Section III ,C , 1.
/ On —H
NH2
+ !
T
[46]
V. Ring-Opening
The above account of resonance stabilization explains why so m any 
azanaphthalenes become strongly hydrated , and  it m ay also help to  
explain why the hydrated  forms are usually stable against rup tu re  of 
the  C— N bond by acid. I t  is true  th a t  ring-opening necessitates only 
simple prototropic rearrangem ent (45->46) and th a t  the  product 
obviously retains some of the  stabilizing resonance. However, if, as 
seems likely, the  resonance of the  hydrates also includes hybridization 
w ith the  adjacent ring system, then  these cyclic hydrates are fu rther 
stabilized by co-planarity w ith the  arom atic ring. In  a non-cyclic
62 D. Beke, Advan. Heterocyclic Chem. 1, 167 (1963).
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structu re  (46), co-planarity  is more difficult to  achieve. E xperim ent­
ally, ring-opening is dem onstrated by establishing th e  presence of the  
functional groups which are expected to  be formed.® The commonest 
of these is the  aldehyde group, and p-nitrophenylhydrazine is th e  m ost 
suitable reagent because of the  pH  range w ithin which it  can form 
hydrazones.^^ Thus a O.OSilf solution of the  substance to be tested  is 
m ade in glycine or c itrate  buffer a t any desired pH  between 0.4 and  3.8 
and set aside for the  desired period. I t  is then  m ixed w ith an  equal 
volume of 0.05Æ p-nitrophenylhydrazine m ade in a buffer of th e  same 
pH . I f  an aldehyde group is present, the  color should intensify and/or 
deepen a t once, and a d istinct precip itate  usually forms w ithin a few 
m inutes ; several applications of th is m ethod have been reported. 
Benzidine has also been used as a te s t reagent, although the  pH  
range in which it is effective is no t wide. The kinetics for the  reversible 
ring-opening of pteridine and its C-m ethyl derivatives have been 
studied in detail.
The electronic effects (8+ on carbon and 8~ on nitrogen) th a t  favor 
the  hydration  of heteroarom atic molecules and of Schiff bases to  give 
D im roth bases are the  same as those th a t  would favor the  ring- 
opening of the  hydrated  heteroarom atic molecules and cleavage of the  
C—N bond in D im roth compounds.
Cations are more subject to  ring-opening th an  are neu tral species 
or anions. Thus ring-opening (slow) has been observed in th e  cations 
b u t not in the  neu tra l species of 1,3,5-, 1,3,7-, and 1,3,8-triazanaph­
thalene a t 20°; it  is followed by  fu rther degradation.^^ 1,3,6-Triaza- 
naphthalene decomposes m uch faster th an  its isomers in acidic solu­
tion, b u t follows the  usual sequence, 47 ^ 4 9 .
5
H—O H
[48]
+
Ï  s
[47] ,  [49]
Hing-closure, e.g. 49->48, is favored by  any factor which places a 
positive charge on the  aldehydic carbon atom  and a negative charge on 
(or removes a positive charge from) N-3 (and hence on N -1 w ith which 
N -3 shares the  charge). In  1,3,6-triazanaphthalene, ring-opening is 
favored because of th e  high proportion of th e  positive charge which
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resides on N -1 (and/or N-3) in accord w ith the  well-known 4-am ino­
pyridine cation resonance.®^
The neutral species of 1,3,6-triazanaphthalene, unlike those of its 
isomers, decomposes a t pH  7.1 to  give 4-aminopyridine-3-aldehyde, on 
standing a t 20°. The nitrogen atom  in position 5 of p teridine m ust 
confer ex tra  stab ility  on the  hydrated  cation, because 1,3,8-triaza­
naphthalene (from which it is derived by replacing C-5 by a nitrogen 
atom ) is more easily ring-opened by cold acid.
VI. Covalent Hydration in Chemistry and Biology
An understanding of covalent hydration  is essential for all who work 
w ith heteroarom atic compounds containing doubly bonded nitrogen 
atom s. As chemists become more aware of the  circumstances in which 
hydration  occurs, and the  m eans for detecting it, m any new examples 
will probably be discovered and m any puzzling discrepancies solved. 
Many of the  values for ionization constants and ultraviolet spectra 
which are in the  litera ture  refer to  partly  hydrated  equilibrium  
m ixtures and should be replaced by values for the  pure substances.
A t the  present tim e, the  greatest im portance of covalent hydi'ation 
in biology seems to  lie in the  direction of understanding the  action of 
enzymes. In  th is connection, the  enzyme known as xanthine oxidase 
has been extensively investigated.®®»®^ This enzyme catalyzes the  
oxidation of aldehydes to  acids, purines to  hydroxypurines, and 
pteridines to  hydroxypteridines. The only structu ra l feature which 
these three substituents have in common is a secondary alcoholic 
group present in the  covalently hydrated  forms. Therefore it was 
logical to  conceive of th is group as the  point of a ttack  by the  enzyme.
A hypothesis for the  oxidation of purines in the  presence of th is 
enzyme has been elaborated by Bergm ann and his colleagues.®^ I t  
postulates th a t  the  purine, often in one of its less prevalent tautom eric 
forms, is adsorbed on the  protein, or th e  riboflavin coenzyme, of the  
enzyme ; then  hydration  occurs under the  influence of the  electronic 
fleld of the  enzyme, and th is m ust involve a group th a t  is not sterically 
blocked by the  enzyme b u t which is accessible to  the  electron-transport 
pathw ay of the  riboflavin moiety. Finally, the  secondary alcohol is 
assumed to  be dehydrogenated in th is pathw ay to  give a doubly
F. Bergmann and H. Kweitny, Biochim. Biophys. Acta 33, 29 (1959).
G4 F. Bergmann, H. Kweitny, G. Levin, and D. J. Brown, J. Am. Chem. Soc.
82, 598 (1960).
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bonded oxygen atom . The extablished facts are th a t  purine and all 
mono- and di-hydroxypurines are oxidized stepwise, through isolable 
interm ediates, to uric acid (2,6,8-trihydroxypurine), and the  reduced 
riboflavin m oiety is reoxidized w ith the  aid of the  m olybdenum  and 
iron present in the  enzyme.
The situation in the pteridine series is somewhat more complex.®^ ®® 
Pteridine, 2-, 4-, and 7-hydroxypteridine, and some of the dihydroxy- 
pteridines are oxidized, stepwise and quantitatively , in the  presence 
of xanthine oxidase to a single substance, 2,4,7-trihydroxypteridine. 
Notably, 6-hydroxypteridine, which readily forms a covalent hydrate, 
is not attacked.
Bergmann has suggested th a t oxidation is ruled out a t positions 
(where hydration occurs readily) which are not accessible to the 
enzyme after the  pteridine is adsorbed on it. Alternatively,^® the 
destruction of co-planarity by hydration m ay prevent adsorption of 
the  pteridine on the  enzyme. The case of xanthopterin  (2-amino-4,6- 
dihydroxypteridine) m ay be relevant. The neutral species of this 
substance exists as an equilibrium m ixture of approxim ately equal 
parts of the  anhydrous and 7,8-hydrated forms (in neutral aqueous 
solution a t 20°)."^® X anthine oxidase catalyzes the  oxidation of the  
anhydrous form in the  7-position b u t leaves the  hydrated  form 
unaffected and about two hours is required to  re-establish the  former 
equilibrium.
I t  seems reasonable to  predict th a t  m any aspects of covalent 
hydration will in terest the  biologist and help him in his work. M any 
substances w ith six-membered nitrogen-containing heteroarom atic 
rings, i.e. the  families which are so prone to  covalent hydration, are 
biologically active substances, both natural and artiflcial. The d istribu­
tion of substances between w ater and lipids, a subject of considerable 
im portance to  those who study  perm eability phenomena, is greatly 
impeded by each w ater-attracting  group present, and the  ex tra  
hydroxyl group furnished by covalent hydration m ust be taken  into 
account in investigations of th is nature.
Note Added in Proof (p. 31) :
(e) Chloro- and Mercapto-pteridines. A t equilibrium the neutral 
species of 6- and 7-chloro- and 6,7-dichloro-pteridine are hydrated  
across the  3,4-double bond to  the  ex ten t of 31, 30, and 36%, respec­
tively (compare pteridine 22%). In  acid solution their cations are
65 H. S. Forrest, E. W. Hanly, and J. M. Lagowski, Biochim. Biophys. Acta 50,
596 (1961).
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alm ost completely hydrated  b u t undergo ring-opening followed by 
degradation to  the  corresponding 2-amino-chloropyrazine-3-alde- 
hydes. Hydrolysis of the  chlorine atom  in the  chloropteridine occurs 
concurrently w ith hydration  in acid solution and makes m easurem ent 
of the  kinetics more complicated (see ref. 10). In  alkaline solution, 
where anhydrous neutral species are predom inant, rap id  hydrolysis of 
the  halogen substituen t is the  m ajor reaction.®®
An understanding of the  reactions between 6-chloropteridine 
and reagents th a t  can add across a — C = N — bond, i.e. HgO, 
PhCHgSH, and N H 3, m ade it possible to  find conditions for the  
preparation  of 6-m ercaptopteridine. The latter, like 6-hydroxy­
pteridine, is hydrated  across the  7,8-double bond of the  neutral species 
and cation.®^ 6-M ethylm ercaptopteridine, however, is decomposed 
(liberates m ethyl m ercaptan) by dilute acid.
66 A. Albert and J. Clark, J. Chem. Soc.^ 1666 (1964).
67 J. Clark, personal communication (1964).
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801. Naphthyridines. Part 11.^ Covalent Hydration, Electron- 
deficiency, and Resonance Stabilisation in -Naphthyridines.
By A d r i e n  A l b e r t  a n d  W. L. F. A r m a r e g o .
In  aqueous solution, the cations of 3- and 8 -nitro-1,6 -naphthyridine, 
bu t not those of 4-nitroisoquinoline, 1,6 -naphthyridine, and 3-nitro-l,5- 
naphthyridine, form covalent hydrates. The results support the hypothesis 
th a t both electron-deficiency and resonance stabilisation are necessary for 
covalent hydration in the cations of nitrogen-heteroaromatic compounds.
I t  has been shown that the cations of many nitrogen-heteroaromatic compounds undergo 
(reversible) covalent hydration in aqueous solution across a C=N bond. Hydrating 
cations commonly have [a] a high degree of electron-deficiency, and [h) a structure which, 
after the addition of water, has increased resonance possibilities.  ^ The naphthyridine 
series appeared to offer opportunities to test the contribution made by these two factors, 
the relative importance of which has not yet been investigated.
H OH
No evidence of covalent hydration could be found in the cation of 1,6-naphthyridine,^ 
although this species should be stabilised as the hydrate by resonance, e.g., (I) (II).
This has been designated the “ 4-aminopyridinium-type " of resonance  ^because it is the 
one responsible for the high basic strength of 4-aminopyridine.^ Hence it was decided to 
try to invoke covalent hydration by increasing the electron-deficiency of the molecule. 
This could be accomplished by inserting another ring-nitrogen atom to give, e.g., 1,3,6- 
triazanaphthalene which is hydrated strongly  ^ but with an amidinium-type resonance, 
and 1,4,6-triazanaphthalene which is hydrated strongly,® with a 4-aminopyridinium-type 
resonance. In the present work, however, we wished to increase electron-deficiency 
without leaving the naphthyridine series, and so investigated 3- and 8-nitro-l ,6-naphthyri- 
dine. It wiU be shown that the cations of these two substances, which have both properties 
{a) and [h], readily undergo covalent hydration. For contrast, 3-nitro-1,5-naphthyridine 
was examined to observe the effect of electron-deficiency without the opportunity for 
resonance; and 4-nitroisoquinoline was compared with quinazoline with the same aim.
The desired reaction is an attack by the negatively charged region of a water molecule, 
i.e., a nucleophilic attack, at an electron-deficient carbon atom. The purpose of choosing 
the 3- and the 8-position in 1,6-naphthyridine for insertion of nitro-groups was to reinforce 
the existing pattern of electron distribution, i.e., one in which electron-deficiency is 
greatest in positions a- and y- to the ring-nitrogen atom.^
Before examining the nitro-derivatives it was necessary to study the cation of 1,6- 
naphthyridiiie more carefully than in Part I.^  The grounds on which this substance was 
thought not to form a hydrate were (i) the close similarity of the ultraviolet spectra in 
cyclohexane, and in water at pH 6 0 and at pH TO, and (ii) the pAa value (3-78) which 
was not anomalous (cf. anomalous pA» values of pteridine and quinazoline ^^ ). These 
static methods cannot exclude a small percentage, e.g., 10%, of hydrated cation. To 
clarify this point, an acid solution (pH 0-2) of 1,6-naphthyridine was rapidly (< I sec.) 
neutralised with a buffer to give a final pH of 6 9, and examined for change in optical 
density at 320 m[j,. No change was found, and it was concluded that deprotonation gave
the anhydrous neutral species immediately, and hence hydration was absent in 1,6- 
naphthyridine cation.
Physical properties of nitroazanaphthalenes.
Ionisation in H ,0  (20°) Ultraviolet spectra " in HgO (20°)
N aphthyr­
idine 
3-Nitro-1,6-
Spread Concn. A 
pi^a (± ) (10-%) (m/i)*
2 32 0 02 0 66 310
8-Nitro-l,6- 2-59 0 01 0 40 350
1,6-Naphthyr- 3-78 
idine »
0-03 30 —
3-Nitro-l,5- 0-63 0-03 0-40 284
4-Nitroiso-
quinoline
1-35*
Species ® A^ ax. (mp) logE pH  or
Ho
OA 248; 297 4-24; 3-87 7-0
OA 247; 293 4-35; 3-88 _«
+  H 242 4- 2%1 +  306 -f- 4 33 4- 3-72 4- 3-54 -f-
3 i0 ; 361 3-42; 3-29 0-2
-fA 320 3-44 - 0 - 9 /
OA 217; 276; 302 4- 4-42; 3-59; 3-61 + 5-0
312<* 3 62
OA 217; 259 4- 263; 4-44; 3-61 4- 3-60; ---e
304 -f 312 3 45 4- 3-42
+  H 280; 348 3-70; 4 33 -0 -0 3
+  A 317 3-82 - 0 - 9 /
OA 222; 248; 303 + 4-34; 3-50; 3-50 4- 6-0
314 3 45
OA 221; 253; 304 4- 4-47; 3-61; 3-47-f ---e
315 3 38
4-A 248 4- 257 -f 267; 3-50 +  3-40 4- 3-23; 1-0
309 4- 315 3 65 4- 3-63
OA 234; 282; 312<^ 4 33; 3-88; 3-77 6-0
OA 233 4- 243; 275 -f- 4-51 +  4-38; 4-02 4-
277; 298 4- 311 4- 4-Oi; 3-62 -f- 3-69 4-
323 3-61
4-A 230; 273; 312 4- 4 32; 3-78; 3-96 -f -2 -5
320 3-94
OA 208; 236; 346 4-46; 4-07; 3-49 7-0
OA 233 4- 241; 311 4- 4-27 +  4-17; 3-52 -f- _«
329 3-59
4-A 210; 235 4- 257; 4-49; 4-41 -f 4-04; -1 -1 2
353 3-68
:al wavelength. ® O =  neutra l species, -|- = cation.“ Inflexions in italics. * Analytic
A =  anhydrous, H  =  hydrated.  ^ These spectra were unaltered after standing a t 20° for 24 
hr. « Cyclohexane. ^ In anhydrous dichloroacetic acid, transparency lim it ~305 m/x. o Physical 
properties from ref. 1. * Brj^son, J . Amer. Chem. Soc., 1960, 82, 4871.
The ionisation constants of 3- and 8-nitro-l,6-naphthyridines were found to be 
anomalous when compared with that of 3-nitro-l,5-naphthyridine (see Table). The 
ultraviolet spectra of the neutral species in water and in cyclohexane were closely similar, 
indicating the absence of hydration in this species (the crystalline solids, also, are 
anhydrous). On the other hand, the spectra of the cations of 3-nitro- and 8-nitro-l,6- 
naphthyridine showed, respectively, strong bathochromic shifts of the long-wavelength 
bands of 64 and 36 mp with respect to the neutral species (see Table). The intensity of 
the long-wavelength band of the former cation (s 1960) is much lower than that of the 
latter (s 21,300), suggesting that if these bands are due to the hydrated cations then there 
must be less of the hydrated species in the 3-nitro-l,6-naphthyridine cation. By taking 
the spectra in sulphuric acid of increasing acidity, thereby decreasing the activity of water, 
the intensities of the bands at 361 and 348 mp of 3- and 8-nitro-l,6-naphthyridine, 
respectively, were shown to decrease and finally disappear. The spectra obtained at high 
acidity were not very different from the spectra of the neutral species in water, solvent 
shifts being taken into account, and are the spectra of the anhydrous cations. This is true 
because the spectra in anhydrous dichloroacetic acid (Hammett acidity function 
—0-9),^ '^  where only the anhydrous monocations of the nitronaphthyridines can exist, 
were almost identical with the spectra in sulphuric acid at Hg —5-65. Moreover, addition 
of water (~ 10%) to the dichloroacetic acid solutions introduced bands at 360 and 350 mp 
typical of the hydrated cations.
Final confirmation that these long-wavelength bands are due to the hydrated cations 
was obtained as follows: when an acid solution (pH 0*2) of 3-nitro-l,6-naphthyridine was
^ N O
rapidly neutralised ( < 1  sec.) with a buffer containing an equivalent of alkali to give a final 
pH of 6-93, the rate of decrease of optical density at 360 mp followed first-order kinetics, 
and at 21° was 4 23 X 10“^  sec.'  ^ (half-life 16 4 sec.). Similarly with 8-nitro-l,6- 
naphthyridine at 350 mp, 21°, and final pH 10-36, the first-order o^bs was 2-51 X 10"® sec."i 
(half-life 4-6 min.). In both cases, after the optical density at infinite time was reached, 
the complete spectrum obtained was identical with that of the anhydrous neutral species. 
By analogy with previous w o r k , 5,8 rapid neutralisation gave the unstable hydrated 
neutral species and the observed rates refer to the dehydration-hydration process which 
is largely in favour of the anhydrous neutral species. The most likely structures for the 
hydrated cations of 3-nitro- and 8-nitro-l,6-naphthyridine are (I) (11) (with a nitro-
group in the 3-position) and (HI) (IV), respectively. Attack by water molecules
%
(VIb)
in 8-nitro-l,6-naphthyridine cation most probably takes place on C-5, because it is the 
most electron-deficient carbon atom (compare C-4 in 1,3,8-triazanaphthalene ®). The 
canonical form (IV) is less likely than (11) because of the or^^o-quinonoid structure. How­
ever, hydration is an equilibrium reaction which involves very small free-energy changes,* 
so that the weak or^Ao-quinonoid form may be significant in stabilising (IV).
Similar experiments revealed that covalent hydration was absent in 4-nitroisoquinoline 
(Va) and 3-nitro-l ,5-naphthyridine (Via) [compare quinazoline (Vb) and 1 ,3 ,5-triaza- 
naphthalene (Vlb) which are hydrated readily], but no resonance is possible from 
hydration across any C=N link in these two nitro-compounds. No unexpected differences 
in the spectra of the neutral species in cyclohexane and in water, and of the cation in water 
of 4-nitroisoquinoline were found. Further, rapid neutralisation of an acid solution 
{Hq —0-18) to pH 8-0 showed no rate of change of optical density at 353 my., indicating 
absence of hydration in the cation. Like 4-nitroisoquinoline, 3-nitro-l ,5-naphthyridine 
revealed no anomaly in its ultraviolet spectra, and rapid neutralisation of an acid solution 
showed no rate of change of optical density at 310 m .^
It is thus shown that both electron-deficiency and resonance stabilisation are required 
for reversible covalent hydration in cations of nitrogen-heteroaromatic compounds.
E x p e r im e n t a l
Microanalyses were by Dr. J. E. Fildes and her staff. Evaporations were carried out in a 
ro tary  evaporator a t <40°/15 mm. The purity of substances was examined as before.® 
4-Nitroisoquinoline was kindly supplied by Dr. A. Bryson.
4:-Chloro-3-nUyo-l,Q-naphthyridine.—Ethyl 4 -pyridylaminomethylenemalonate ® was cyclised 
to ethyl 4-hydroxy-1, G-naphthyridine-3-carboxylate in diphenyl ether a t 240—250°, under 
nitrogen. The average yield of purified ester from 20 experiments on a 9—36 g. scale was 
55%. The ester was hydrolysed, decarboxylated, and nitrated to 4 -hydroxy-3 -nitro-1 ,6 - 
naphthyridine as before,^® bu t the nitro-compound was isolated by evaporating the nitration 
m ixture to dryness. The hydroxynitronaphthyridine (4-2 g.) and phosphorus oxychloride 
(85 ml.) were refiuxed for 2 hr. The solvent was removed in vacuo, and the residue was poured 
into ice-cold, saturated, aqueous sodium hydrogen carbonate and extracted with chloroform. 
The dried (Na^SO^) extract gave, on evaporation and recrystallisation from light petroleum 
(b. p. 60— 80°), 4.-chloyo-3-nitro-l,Q-napJithyridine (3-0 g., 78%), m. p. 139— 140° (Found: 
C, 45-5; H, 175; N, 17-0. CgH^ClNgOg requires C, 45-8; H, 1-9; N, 16-9%). No loss of 
chlorine was observed after two recrystallisations from boiling ethanol.
* W henever equilibrium quotients for hydrated  and anhydrous species have been measured, the 
free-energy differences between hydrated  and anhydrous species were less than  4 kcal. mole‘  ^ (Dr. D. D. 
Perrin, personal communication).
^-Nitro-\,Q-naphthyridine.—The above chloro-compound (2 -1  g.) in chloroform (15 ml.), 
when mixed w ith a solution of toluene-^-sulphonhydrazide (1  8 6  g., 1 equiv.) in chloroform 
(15 ml.) and set aside a t 20° for 3 days, deposited 3-nitro-4-(A/''-toluene-/)-sulphonylhydrazino)-
1,6 -naphthyridine hydrochloride (92%). The crude red hydrochloride (2-76 g.) and sodium 
carbonate (T4 g.) were heated in w ater (60 ml.) and ethylene glycol (140 ml.) a t 100° for 2 hr. 
w ith occasional shaking. The m ixture was diluted with an equal volume of saturated  aqueous 
sodium chloride and extracted w ith ether (6  X 70 ml.). The dried (CaClg) extract was 
evaporated and the residue was chromatographed in benzene on alumina (6 "  X B.D.H.). 
Evaporation of the eluates and sublimation of the residue a t 1 1 0 ° / 0  2 mm., followed by re­
crystallisation from light petroleum (b. p. 60—80°), gave Z-nitro-l,^-naphthyridine (1 0 -6 %) 
m. p. 159— 160° (Found: C, 54 6 ; H, 3 0; N, 24 0. CgH^NgOg requires C, 54 9; H, 2 9; 
N, 24-0%). No product was isolated when the reaction was carried out in 0 6 N-sodium 
hydroxide.
Ethyl Z-Nitvo-4L-pyridylaminomethylenemalonate.— 4-Amino-3-nitropyridine (53 g., 1 mol.) 
and diethyl ethoxym ethylenem alonate ( 8 8  g., 1 mol.) were heated a t 120— 130° for 48 hr. 
The crystals were extracted w ith hot light petroleum (b. p. 80— 100°; 4 1.). The product, m. p. 
123— 124° (101 g., 8 6 %), th a t separated on cooling, was recrystallised from benzene-light petro­
leum (b. p. 40— 60°) (Found: C, 50 3; H, 4 7; N, 13 6 . C13H 15N3O6 requires C, 50 5; H,
4-9; N, 13-6%).
Ethyl 4,-HydroxyS-7iitYo-\,Q-naphthyridine-^-carhoxylate.—The preceding ester (5 0 g.) was 
added to diphenyl ether (50 ml.) a t 180° and nitrogen passed through the solution. After 
1 0  m inutes' boiling, the m ixture was cooled, the crystals were filtered off, and heating was 
repeated twice more. The three crops were combined, washed w ith light petroleum  (b. p. 
60— 80°), and recrystallised from butan-l-o l (charcoal). The average yield of naphthyridine 
ester, m. p. 273—274° (decomp.) (Found: C, 50-4; H, 3-5; N, 15 7. Ci^^HgNgOg requires C, 
50-2; H, 3 45; N, 16 0%), from 20 experiments was 30%. W ith larger quantities or longer 
heating the yields were considerably reduced.
4c-Hydroxy-9)-nitro-\,Q-naphthyridine-^-carboxylic Acid.—The preceding ester (6-0 g.) in
2-5N-sodium hydroxide (96 ml.) was heated a t 100° for 15 min. ; the yellow solid dissolved and 
the red sodium salt crystallised. W ater (96 ml.) was added and the solution heated for > 2 5  
min. a t 100°, then cooled in ice. Cold hydrochloric acid (20 ml.; d 1-18) was added and the 
buff precipitate was filtered off and washed w ith cold water. The acid, after one precipitation 
from 2-5N-sodium hydroxide w ith hydrochloric acid, had m. p. %83— 284° (decomp.) (Found: 
C, 46-0; H, 2-15; N, 18-0. C9H 5N3O5 requires C, 46-0; H, 2-1; N, 17-9%).
^L-Hydroxy-'è-nitro-\,^-naphthyridine.—The preceding acid (5-3 g.) and freshly distilled 
quinoline (110 ml.) were heated a t 190° during 10 min., while stirred by bubbling nitrogen, and 
was then kept a t 190—200° for 15 min. The solution was cooled and diluted w ith ether (260 
ml.), and a small am ount of ta r  filtered off through kieselguhr. The filtrate was diluted with 
light petroleum (b. p. 40— 60°; 900 ml.) and the greenish-yellow 4L-hydroxy-%-nitro-\,Çi-
naphthyridine th a t separated (3-3 g., 77%) was washed w ith light petroleum (b. p. 40— 60°; 
500 ml.). After recrystallisation from ethanol-light petroleum  (b. p. 40— 60°) it  had m. p. 
256— 257° (decomp.) (Found: C, 50-0; H, 2-7; N, 21-8. C8H 5N 3O3 requires C, 50-3; H, 2-6; 
N, 22-0%).
4:-Chloro-S-nitro-l,Q-naphthyridine.—4-H ydroxy-8-nitro-l,6 -naphthyridine (2-26 g.), phos­
phorus pentachloride (2-46 g., 1 equiv.), and phosphorus oxychloride (45 ml.) were refiuxed for 
1& hr. The solvent was removed in vacuo, and the residue was trea ted  with saturated  aqueous 
sodium hydrogen carbonate and extracted w ith chloroform. The residue from the dried 
(NagSO^) extract was dissolved in benzene and passed through alumina (6 "  X 1") ■ Evaporation 
of the eluates, followed by recrystallisation from light petroleum (b. p. 60— 80°), gave 4:-chloro- 
9>-nitro-\,^-naphthyridine (1-7 g., 6 8 %), m. p. 182— 183°, as colourless needles (Found: C, 45-7; 
H, 1-95; Cl, 16-9. C8H 4CIN3O2 requires C, 45-8; H, 1-9; Cl, 16-9%).
S>-Nitro-\,%-naphthyridine.—The preceding chloro-compound (1  64 g.) in chloroform (72 ml.), 
and toluene-^-sulphonhydrazide (1-46 g., 1 equiv.) in chloroform (40 ml.), when refiuxed for 
8  days, gave a 31% yield of the sparingly soluble hydrazinonaphthyridine hydrochloride. This 
salt (0-99 g.) and sodium carbonate (0-49 g.), in 70% aqueous ethylene glycol, were heated a t 
100° for 1 hr. and the m ixture was worked up as for 3 -n itro-l,6 -naphthyridine. ^-Nitro-\,Q- 
naphthyridine, isolated in 23% yield, had m. p. 144— 145° (from ethanol) [Found, for air-dried 
compound: C, 54-8; H, 3 4; N, 22-9. CgHgN3 0 2 ,^C2Hg'0 H requires C, 54-7; H, 3-5; N,
22-5%. Found, after drying a t 65—75°/15 mm. for 1 hr. (KOH) : C, 54-9; H, 3-0; N, 23-7. 
CgHgNgOg requires C, 54-9; H, 2-9; N, 24-0%].
^-Nitro-\,5-naphthyridine.—Ethyl 3-pyridylaminomethylenemalonate was cyclised to 
ethyl 4-hydroxy-l,5-naphthyridine-3-carboxylate in diphenyl e t h e r . xhe product was 
hydrolysed as before, but was decarboxylated in dry quinoline (80% yield) instead of in mineral 
oil.i® 4-Hydroxy-1,5-naphthyridine, nitrated with fuming nitric acid as for the 1 ,6 -isomer, 
gave 4-hydroxy-3-nitro-1,5-naphthyridine (71%), decomp. 325—330° [lit.,/'* 328—330°
(decomp.)]. The nitro-compound was chlorinated, in the conditions for 4-hydroxy-8-nitro-
1,6 -naphthyridine, giving 4-chloro-^-nitro-l,5-naphthyridine (53%) which, after recrystallisation 
from light petroleum (b. p. 60—80°), melted with darkening a t 162— 165° (softening a t ~155°) 
(Found: C, 45-6; H, 1-9; Cl, 16-4. CgH^ClNgOg requires C, 45-8; H, 1-9; Cl, 16-9%). W ith 
toluene-/>-sulphonhydrazide in chloroform (24 hr. a t 20°) a 52% yield of 3-nitro-4-(iV'-toluene-p- 
sulphonyl-hydrazino)-1,5-naphthyridine hydrochloride was obtained. Decomposition of this 
w ith dilute sodium carbonate in 70% aqueous ethylene glycol, as above, gave Z-nitro-\,5-naph- 
thyridine (33%), m. p. 183— 184° (from ethanol) (Found: C. 55-2; H, 2-8; N, 24-1. CgH^NgOg 
requires C, 54-9; H, 2-9; N, 24-0%).
Physical Properties.—The rapid neutralisations were carried out as b e f o r e , a n d  the 
ultraviolet spectra were measured w ith a Perkin-Elmer Spectracord, model 4000A, and the 
m axima checked with a Hilger Uvispek m ark V manual instrument. Ionisation constants 
were determined by the method used in this Department.*®
Nitrogen analyses of the nitronaphthyridines by the Dumas method gave consistently low 
results, and the Kjeldahl method, with glucose as reducing agent, gave better results.
We thank  Mr. H. Satrapa for determining ionisation constants.
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A CONVENIENT PREPARATION OF 
PYRIDINE-3,4-DICARBOXYLIC ACID
By W. L. F. ARM AREGO and R. F. EVANS
Dimethyl pyridine-3,4-dicarboxyIate was conveniently prepared in 44% yield by the oxidation 
of isoquinoline with concentrated nitric acid. On acid hydrolysis, the dicarboxylic acid was 
quantitatively obtained.
Introduction
Substantial quantities of cinchomeronic acid (pyridine-3,4-dicarboxylic acid) were required 
in connexion with a programme on triazanaphthalenes. Oxidation of isoquinoline is the most 
convenient route, but some oxidising agents (such as ozone* and potassium permanganate^) 
attack both the benzene and the pyridine rings of the molecule affording a mixture of cincho­
meronic acid and phthalic acid. It is claimed that sulphuric acid at 240—300° can bring about 
oxidation of isoquinoline in the presence of catalysts and, sometimes, auxiliary oxidising agents.® 
Nitric acid oxidation of isoquinoline phosphate* or sulphate® takes place at a lower temperature, 
where losses due to decarboxylation would be expected to be less.
In the nitric acid oxidation now described, it was found advisable to increase tenfold the 
proportion of sulphuric acid recommended,® in order to prevent violent decomposition. In 
preference to isolation as, and decomposition of, the sparingly soluble copper salt,® the cincho­
meronic acid was converted into the dimethyl ester in situ and quantitatively regenerated on 
acidic hydrolysis.
Experimental
Concentrated sulphuric acid (400 ml. sp. gr., 1-84) was cautiously added through a funnel 
to ice-cold isoquinoline (178 g.), anhydrous copper sulphate (4-6 g.) and mercuric nitrate mono­
hydrate (1 0  g.) in a 2 -1. two-necked round-bottomed flask fitted with a thermometer pocket
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reaching clown into the liquid and a still head bearing an air leak of wide bore and a separatnig 
funnel which was connected via a condenser and receiver to the water pump. Concentrated 
nitric acid (471 ml., sp. gr., 1-42) was added to the hot (210—230°) mixture over 2\ h., during 
which time a green liquid distilled. After addition was complete, air was drawn through the 
mixture for a further \  h. The mixture was warmed with urea (50 g.) at 100° for \  h., prior to 
re/luxing for 7 h. with methanol (600 ml.) and benzene (400 ml.). The cold mixture was poured 
on to ice and adjusted to pH 10 with ammonia (r^ 420 ml., sp. gr. 0-91). The benzene layer was 
separated and the aqueous layer extracted with chloroform (5 x600 ml.), filtration through 
kieselguhr (Celite) being necessary after each extraction, to break up the emulsion. The combined 
extracts were shaken with solid sodium bicarbonate to remove ammonia, dried (sodium sulphate), 
and distilled to afford dimethyl cinchomeronate b.p. 95—100°/T5 mm. (112-8 g., 44%) (Found: 
C, 55-5; H, 4-7; N, 7-6. Calc, for CgHgNO^: C, 55-4; H, 4-7; N, 7-2%).
The ester (75-6 g.) was refiuxed with 3-5 N-hydrochloric acid (225 ml.) for 4 h. and evaporated 
to afford cinchomeronic acid (65 g.), m.p. 253—255° (from water) [lit. values range from 249— 
251° (decomp.) to 266—268°] (Found: equiv. wt. 82. Calc, for C7H 5NO4: equiv. wt. 83-5).
Dept, of Medical Chemistry,
Institute of Advanced Studies,
Australian National University,
Canberra, A.C.T.,
Australia
Received 22 August, 1961
References
Liudenstruth, A. F., & VanderWerf, C. A., J . “ Cislak, F. E., & Wheeler, W. R., U.S.P. 2,396,457 
Amer. chem. Soc., 1949, 71, 3020 {Chem. Abstr., 1946, 40, 3142)
Hoogewerff, S., & Van Dorp, W. A., Rec. Trav.
chim. Pays-Bas, 1885, 4, 285 ® Mueller, M. B., U .S.P. 2,449,906 {Chem. Abstr.,
Mueller, M. B., U.S.P. 2,436,660 {Chem. Abstr., 1949, 43, 697); U.S.P. 2,513,099 {Chem. Abstr.,
1948, 42, 4203); Teeters, W. O., U.S.P. 2,476,004 1950, 44, 9486}
(Chem . A b s t r . ,  1949, 43 , 8402); M ueller, M. B .,
U.S.P. 2,586,555 [Chem. .-Ibstr., 1952, 46, 9127);
Martin, A. J., U.S.P. 2,694,070 {Chem. Abstr.,
1956, 50, 4237): Mueller, M. B., U.S.P. 2,793,213 
{Chem. Abstr., 1957, 51, 16564)
J. appl. Chem., 12, January, 1962
PRINTED BY RICHARD MADLEY LTD.. 54 GRAFTON WAY. LONDON, W .l, ENGLAND
Preprinted from  the Journal of the Chemical Society,
December, 1961, (1042), pages 5267—5270.
1042. Quinazolines. Part / / / . *  The Structure of the Hydrated 
Quinazoline Cation,^
By A d r ie n  A l b e r t ,  W. L. F. A r m a r e g o ,  a n d  E. S p in n e r .
The hydrated cation of quinazoline is shown to have the structure (I;
X =  OH, R =  H) by comparison of its physical properties with those of 
the 3-methylquinazolinium ion and of the pseud0 -h3.se obtained from the 
latter. This base has been proved to have the constitution (II; X =  OH,
R =  Me).
Q u i n a z o l i n e  forms an abnormal cation in dilute aqueous acid.^ "® Strong evidence was 
adduced ® in support of structure (I ; X =  OH, R =  H) for this ion, but its ultraviolet 
spectrum does not resemble that of the ion (I ; X =  R =  H) as closely as would have 
been expected on this basis.® The infrared spectrum of solid quinazoline hydrochloride 
“ monohydrate ” did not yield conclusive structural information® and further evidence 
was desirable, preferably for a neutral molecule (II), so that no problem of the weighting 
of two contributing canonical forms, such as (la) and (Ib), could arise.
0C> -  CO" CC> d / "  d r
H H H
(la) ■ (lb) (II) (III) (IV)
The addition of an excess of alkali to a solution of quinazoline in dilute aqueous acid 
has now been found, by ultraviolet spectroscopy involving the use of a rapid-flow tech­
nique, to give a substance presumed to be covalently hydrated quinazoline (II ; X =  OH, 
R =  H). However, this substance is very rapidly transformed into quinazoline, its 
half-life at pH 10 being about 9 seconds, and could not be isolated. On the other hand, 
the product of addition of alkali to 3-methylquinazolinium iodide was isolated and 
gave the elemental analysis CgHi^ NgO. It could be 3,4-dihydro-4-hydroxy-3-methyl- 
quinazoline (II; X =  OH, R =  Me) (as previously suggested *^®) or the ring scission pro­
duct (IV ; R =  Me) derived from it by intramolecular amino-group elimination.
The infrared spectrum of this compound, both in the solid state (potassium bromide 
disc) and in solution in chloroform, showed a strong band at 1621 cm."* (with a twin peak 
at 1607 cm."*) but none in the range 1625—1750 cm."* (whereas the carbonyl stretching 
band for o-aminobenzaldehyde occurs at 1665 cm."*) ; thus, no carbonyl group is present. 
Furthermore, the chloroform solution shows a band at 3570 cm."* (e 19) attributable to 
unassociated 0~H but not to N~H stretching (the main band in this region, at 3190 cm."* 
in chloroform and at 3100 cm."* in the solid state, is due to strongly associated molecules). 
The compound thus has the structure (II ; X =  OH, R =  Me) and not (IV; R =  Me).
The ultraviolet absorption spectrum of 3,4-dihydro-4-hydroxy-3-methylquinazoline 
(see Table I) is the same in water and in cyclohexane (apart from a solvent shift of 4 m[i.), 
showing that no complication occurs in aqueous solution. A comparison with the ultra­
violet spectrum of 3,4-dihydro-3-methylquinazoline ® shows that the replacement of H(^ ) 
in (II ; X =  H, R =  Me) by OH causes a (very surprising) hypsochromic shift of the 
band near 300 mg. by 28 mg. A comparison of the ultraviolet spectrum of the short-lived 
abnormal neutral species of quinazoline with that of 3,4-dihydroquinazoline shows a 
similar shift of 26 mg, which strongly suggests that the former is substance (II ; X =  OH, 
R =  H); in agreement with this, it has a pX, value of 7-77, which is similar to 7-64 
obtained for (II; X =  OH, R =  Me).
* P a r t I I ,  1961, 2697.
A comparison of the ultraviolet spectra of the abnormal quinazoline cation and the 
(also abnormal) 3-methylquinazolinium ion (see Table 1) with those of the ions (I ; X =  
R =  H) ® and (I; X =  H, R =  Me) reveals hypsochromic shifts of 20 and 18 mg., respec­
tively, but, in view of the large spectral shifts observed on replacing X =  H by X =  OH 
in the above neutral molecules, these represent evidence for, rather than against, the 
structures (I ; X =  OH, R =  H) and (I ; X =  OH, R =  Me) for the two abnormal ions. 
Two further pieces of evidence against the alternative structures (III) have now been 
obtained.
First, on addition of a concentrated aqueous solution of quinazoline to benzidine in 
glacial acetic acid, the red colour characteristic of aromatic aldehydes is not obtained in 
the cold. Secondly, the ultraviolet spectrum of quinazoline in T2N-hydrogen chloride 
in anhydrous methanol is identical with that of quinazoline in aqueous acid at pH 1, 
although in anhydrous methanol no cation analogous to (III) should be obtainable ; 
however, the spectrum of the ion (I ; X =  OMe) should closely resemble that of the ion 
(I; X =  OH). Further, 3-methylquinazolinium iodide “ methanolate ” (which, in the 
solid state, is known to retain the elements of CHg-OH very tenaciously -^^ ) has the same 
ultraviolet spectrum  ^ as 3-methylquinazolinium iodide “ hydrate,” but paper chromato­
graphy in aqueous solution showed the “ hydrate ” to be different from the " methanolate,” 
at pH 5 and at pH 11. The “ methanolate ” cation must have the structure (I ; X =  OMe, 
R =  Me) and the corresponding neutral molecule (the pseudo-hdise) the structure (II; 
X =  OMe, R =  Me) (and any replacement of OMe by OH in aqueous medium must be 
slow in the neutral molecule and very slow in the cation).
T a b l e  1.
U ltraviolet spectra.
pH
Compound 
3,4-Dihydro-3-methyl- 
quinazoline ®
3 -m ethylquinazoline '  
o-Toluidine
o-Aminobenzyl alcohol 
3,4-Dihydroquinazoline ®
3.4-Dihydro-4-methyl- 
quinazoline *
3.4-Dihydroquinazolin- 
ium -4-sulphonate /
4-Cyano-3.4-dihydro- 
quinazoline/
Quinazoline
“ N =  neutral molecule ; AN =  abnorm al (short-lived) neutral molecule ; C =  (normal) cation ; 
AC =  abnorm al cation; Z =  zwitterion (I; R  =  H, X  =  SO3-). ® Ref. 3. « pTT^  value, 7-64 ±
0 03. Wolf and Herold, Z. phys. Chem., 1931, B, 13, 201; Dede and Rosenberg, Ber., 1934, 67, 
147. * pi^a value, 9 19 ±  0 04. /  pKa value for proton addition  not known, r value, 7 -7 7 ;
th is substance was kindly exam ined by Dr. D. D. Perrin.
The Effect of ^ -Substituents on the Ultraviolet Spectrum of ^,4:-Dihydroquinazoline.—The 
hypsochromic shift of 20—25 mg. produced by the replacement of the hydrogen atom by 
hydroxyl in the (non-conjugating) 4-position in molecules (II) and (I) is very remarkable 
and contrary to previous experience. Thus, the replacement of «-hydrogen by hydroxyl
^mai. (iriu.) logs
Solvent (or Ho) Species “ (inflexions in italics)
HgO 11-5 N 219 +  225 -g 231 ; 3-99 -f- 4-01 44 4-04;
304 3-90
HgO 7-0 C 214 -f 218 -f 224 ; 4-23 - 4  4-24 -4  4-04;
284 3-79
HgO 10-0 N < 2 1 0  -f 218 +  225; >4-30 +  3 99 -4 3-85;
276 4-06
HgO 2-0 AC <207; 266 >4-38; 3-98
n-CgHn N 234; 285 3-93; 3-32
n-CgHi^ N 240; 290 3-80; 3-36
HgO 11-5 N 217 -f 221 +  227; 4-07 4 - 4-09 4- 3-97 ;
291 3-76
7-0 C 212 +  217 -g 225; 4-26 4- 4-25 4- I'Ol ;
280 3-69
HgO 11-5 N 221 -f 226 ; 287 4-12 4- 4-00; 3-80
7-0 C 212 4 - 216 +  223; 4-24 +  4-23 4- 3-99;
277 3-70
HgO 4-0 Z® 222 -f 229; 282 4-17 +  3-93; 3-66
H gO - - 3 - 4 c < 212  +  217 -f 222 ; >4-30 44 4-54 4- 4-43;
HCl 279 3-73
HgO 1-0 c 210 -4 216 4- 222 ; 4-35 +  4-29 4- 4-11;
275 3-80
HgO 1-0 AC* 208; 260 4-20; 3-91
HgO 9-8 A N ' 265 3-97
causes a bathochromic shift of the spectrum by about 5 mg, in o-toluidine (see Table 1), 
and shifts of +5-5 mg (X-band, at 236 mg) and —2 mg (B-band, at 291 mg) in ^-toluidine,® 
of + 3  mg (X-band) and —4 mg (B-band) in _/>-anisidine,® and of —2 5 mg (X-band) in 
^-nitrotoluene; ® the shift due to hydroxyl in such a position {i.e., at a saturated carbon 
atom attached to a conjugated system) is normally smaller than that caused by more 
strongly electron-withdrawing groups (such as cyano).
In the ions (I; R =  H), by contrast, the replacement of X =  H by other groups 
usually produces only small and irregular displacements of the band at 280 mg (see Table 1), 
viz., X =  SOg", + 2  mg; X =  SOgH, —1 mg; X =  CHg, —3 mg; X =  CN, —5 mg; 
as compared with X =  OH, —20 mg. For the molecules (II; R =  H) the figures are 
X =  Me, —4 mg and X =  OH, —26 mg. (When X =  CN or SOg~ elimination of HCN 
or HSOg” is very rapid, and no spectra could be obtained.) No satisfactory explanation 
for the large spectral shift produced by X =  OH is available.
E x p e r im e n t a l
Analyses were by Dr. J. E. Fildes and her staff.
Physical Measurements.— Ionisation constants and spectra were determined as before.® 
The rapid-flow measurements *" were carried out by means of a modified Chance apparatus 
from which the rapidly-mixed liquid was passed into a spectrophotometric cell inserted in a 
Perkin-E lm er Spectracord instrument.
Materials.—2-Aminobenzyl alcohol ** and 4-cyano-3,4-dihydroquinazoline were prepared 
as described in the literature.
Z,4-Dihydro-4-hydroxy-‘3-methylquinazoline.—Anhydrous 3-methylquinazolinium iodide pre­
pared ® from 2-2 g. of resublimed quinazoline and 17 ml. of m ethyl iodide) in water (15 ml.) 
was treated, w ith cooling, with 33% aqueous potassium hydroxide (3 0 ml.). After a few 
minutes the pseudo-\>3.se th a t had crystallised in needles was filtered off, washed with w ater 
until the filtrate was no longer alkaline, and dried a t 100° to constant weight (191 g., 70%). 
(This product could not be isolated from the action of alkali on the methanolate *»® of 3-methyl­
quinazolinium iodide.) I t  decomposes slowly in boiling water or benzene, and is best purified 
by adding boiling w ater to the finely powdered material, filtering immediately, and quickly 
chilling the filtrate to initiate crystallisation. Purified in this manner it had m. p. 167—•168° 
(Gabriel and Colman,* and Schopf and Oechler,® gave 162— 163°; Fry, Kendall, and Morgan ® 
164— 165°) (Found; C, 66 8; H, 6 0; N, 17-25. Calc, for CgHigNgO: C, 66-7; H, 6 2; N, 
17-3%).
These compounds have been proved to be the 3- and not the 1-m ethylated derivatives,®*® 
and in the present work they were obtained in a chromatographically pure state. At pH  5 
(3% aqueous ammonium chloride, 20 hr. a t 5°) the methanolate gave only one spot, with 
0*89, and the pseudo-hdise one w ith Bp 0-79 (ascending method).
3,A-Dihydro-A-methylquinazoline.—3,4-Dihydro-4-methylquinazoline picrate (prepared by
the action of méthylmagnésium iodide on quinazoline, followed by treatm ent w ith ethanolic 
picric acid) [4-8 g.; m. p. 234—236° (decomp.)], suspended in chloroform, was shaken with 
5N-aqueous sodium hydroxide, and the aqueous layer was diluted with water until all the 
sodium picrate had dissolved. The chloroform layer was washed with 1 Ox-aqueous sodium 
hydroxide and dried (KgCOg). The chloroform was removed a t 30°/15 mm., and the residue 
distilled (b. p. 124°/2-5 mm.). The pale yellow viscous distillate (T3 g., 70%) crystallised 
and had m. p. 78— 79° (Found: C, 73-8; H, 7-0; N, 18-8. CgHigNg requires C, 73-9; H, 6-9; 
N, 19-2%).
The correctness of the assigned structure was proved by oxidation, w ith potassium ferrF 
cyanide, to  4-methylquinazoline, which was isolated as the picrate, m. p. and mixed m. p. 
180— 181°.
We are greatly indebted to Dr. D. D. Perrin, who demonstrated the existence of the short-' 
lived abnormal (hydrated) species of neutral quinazoline and measured its physical properties. 
We also thank  Mr. D. T. Light for technical assistance.
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528. Quinazolmes. Fart I. Cations of Quinazoline.
Hy A d r i e n  A l b e r t , W. L. F. A r m a r e g o , and E. S p i n n e r .
Depending on the conditions, quinazoline can form either a normal or an 
abnormal monocation; the la tter preponderates in aqueous medium (4-sub- 
stituted quinazolines form predominantly the normal monocation even in 
dilute acpieous acid). The abnormal ion is formed by the reaction of water 
with the normal ion; a possible structure is (IV ; X  =  H) although some 
evidence a t present appears not to be wholly in accord with this. A (normal) 
dication of quinazoline has also been obtained.
W h e r e a s  there is a great similarity in base strength * between pyridazine (pA'a 2-3) and 
cinnoline (2-3), and between pyrazine (0-6) and quinoxaline (0-7), there is a large difference 
between pyrimidine (I) (1-3) and quinazoline (II; X =  H) (3-5); 4-methylquinazoline (2-5), 
by contrast, resembles 4-methylpyrimidine (2-0). Thus, quinazoline (predicted pA'a ~T5) is 
an anomalously strong base. Ultraviolet spectra show that only the cation of quinazoline 
is abnormal: quinoline, isoquinoline, and the eight known diazanaphthalenes all have 
ultraviolet spectra like that of naphthalene ; and the spectra undergo but minor changes 
on cation formation,  ^ with the exception of that of quinazoline (also that of 2-methyl- 
quinazoline )^ which is greatly changed on cation formation in dilute aqueous acid (Fig. 1). 
By contrast, the spectra of 4-methyl-  ^ and 2,4-dimethyl-quinazoline are little changed 
under these conditions.
To explain the anomaly it has been suggested®*  ^ that water adds covalently to the 
cation of quinazoline, the hydroxyl group becoming attached to the 4-position. Nucleo­
philic addition of water to C=N bonds has been observed previously, e.g., to azomethines,® 
but only when such bonds are not part of an aromatic ring. (However, some quaterniseci 
pyridines,’^" and even neutral acridine and quinoxaline,*® add various nucleophilic 
reagents.) The addition of water to the normal cation of quinazoline (III; X =  H) can
X OH
f ^NH
(1) (II) (H I)
yield a product for which stabilization by amidinium resonance (IV,a b) has been 
postulated.®'  ^ Several 3-methyl(piinazolinium deri\atives contain a very firmly held 
alcohol molecule **’*® which, it has been suggested/ is covalently bound.
Two different hydrochlorides of quinazoline have now been prepared as solids. In 
anhydrous ether, quinazoline was converted into a hydrochloride CgH^ ClNg; this was 
\'ery hygroscopic and readily formed a hydrate CgHgClNgO. The latter is stable at room 
temperature, and relatively difficult to dehydrate even in a vacuum at (>0°; infrared 
spectra suggested that it contained covalently bound water, as it failed to show several 
bands observed for CgH^ ClNg (see Table I), and showed extra bands at 1474 and 1240 cm."*
T a b l e  1. The infrared spectra * o f qiiinazoline hydrochloride and quinazoline
hydrochloride “ monohydrate."
C g H ^N X l; :i250m s, :i090m w , :i025m w . 2980.s, lGG9ms, I599w , 1582m.s, 1495m s, 1448m , 1427m , 
1332m s, 1293m , 12G4m, 1218m s, 1170m \v, 1159m \v, 1 123vw , 1039m \v, 1024m s, 9G5mw, 955v\v, 931m , 
8 72v\v, 838m , 805 4- 799w, 774m s, 72Gvw, 663m .
CgHgNoOCl: 3350m s, 3100s, 2975m w , 2800m , 2750m , 1665m s, 1624m s, 1599\v, 1570m s, 1495m s, 
1 474m , 1441m s, 1329m , 1282vw , 1266vw , 1240m w , 1211m s, 1156w, 1120w, 1027m s, 989w , 966m w , 
951 4-  945w , 880vw , 811m , 798w , 767m s, 735vw .
* W a v e -n u m b e rs  of a b so rp tio n  p e a k s  in  cm .'* ; b a n d s  n o t  co m m o n  to  b o th  s p e c tr a  a re  in  b o ld  
ty p o .
that are possibly attributable to Cl I and OH bending vibrations of the CH*OH group in 
(IV; X =  H).
The Spectrum of Quinazoline in Acidic Media of Low Water Content.—In order to 
ascertain whether the anomaly in the ultraviolet spectrum of the cation of quinazoline is 
in fact associated with the presence of water, the spectrum of (juinazoline was measured in 
anhydrous dichloroacetic acid which has an acidic p7vV value of 1 •() in water and should 
not undergo nucleophilic addition to a system of double bonds. The Hammett aeidity 
function, Hq, of pure dichloroacetic acid, determined with o-nitroaniline as the solute, is 
—0 9, hence a base with a pAT value greater than - f - 1  would be almost completely 
ionized in it.
In this solvent quinazoline gives a normal cation spectrum which close!}' resembles 
that of 4-methylquinazoline and shows the characteristic band near 330 m;i which is 
absent from the quinazoline cation spectrum in dilute aqueous acid (see Table 3).
F ig . 1. Ultraviolet spectra, in water, o f 
(A) quinazoline (pH 7) ; (B) the ab­
normal cation o f quinazoline (pH 1);
(C) the cation o f -i-methvlqitinazoli)ic Fig. 2. Ultraviolet spectra o f solutions o f quinazoline
(pH 0). in sulphuric acid-water mixtures, at Hammett acidity
functions H D  o f —1-0, —3.5, and —4 5.
- 4  3
4 0
3 0
2 0
200 3 0 0  
Wavelength ( mg)
20,000
-35
W
c 10,000
c
3 0 0  3 5 0210 2 5 02 3 0
W avelength (m g)
In concentrated sulphuric acid both quinazoline and its 4-methyl dérivâti\ e form 
(stable) dications which possess normal spectra (see l able 3). The most illuminating 
spectra, however, arc those obtained in rather concentrated aqueous sulphuric acid. 
The behaviour of 4-meth}'lquinazoline is straightforward. At low acid strength (Hq 
values to —2-5) only the spectiaim of the monocation is seen, at high acid strengths 
(Hq —6-5 to —0*4) only the dication, and at intermediate acid strengths these two species 
are present in equilibrium with each other, their relativ e proportions varying with Hq 
corresponding to proton addition to a base with a pAa value of —4 4 0 2.
In solutions of quinazoline in sulphuric acid-water mixtures, however, three ionic 
species are observable, viz.: at Hq —I the abnormal monocation jiredominates; at 
Hq —7 0 to —9 4 the (normal) dication is seen; but at Hq —4 3 the spectrum resembles 
that of 4-methylquinazoline in dilute aqueous acid, and the main species present must be 
the normal (anhydrous) monocation of quinazoline (III; X =  H) already observed in 
anhydrous dichloroacetic acid. The value deduced for the second basic ionization 
constant, pAT —o-o i  0 2, as compared with -6 -3  di 0 2 obtained for p\Timidine and 
—4 4 di 0 2 for 4-methylquinazoline, also agrees with the view that the equilibrium is 
mainly one between the normal dication and the normal monocation of quinazoline.
The percentage of normal monocation present increases with increasing acid strength, 
only slightly at low values of — H q ,  but very markedly at higher values. The equilibrium 
is illustrated in Fig. 2. The estimated percentage of normal monocation present is 1—2%
at Hq —TO, 50—60% at Hq —3 5, and 80—90% at Hq —4 3 (where about 7% of the 
dication is also present). In mixtures of sulphuric acid and water containing more than 
38% of acid {—Hq >2-3) the activity of water is much lower than its stoicheiometric 
concentration would suggest, because the inner solvation shells (of water molecules held 
ver\’ firmly around the HgO ' and HSG^ ions) are depleted. It is therefore reasonable 
that in concentrated aqueous sulphuric acid an equilibrium such as that between (III; 
X =  H) and (IV; X =  H) should be strongly dependent on the solvent composition.
A-Suhstiiuted Qiiinazolines.—There is thus abundant evidence that the normal 
(anhydrous) cation of quinazoline is capable of existence, but in dilute aqueous acid it is 
not the energetically preferred species. In the case of 4-methylquinazoline, on the other 
hand, only the normal cation (III; X =  Me) is known. It must now be decided whether 
this resistance to hydration is due to the (weak) electron-donating effect or to the steric 
effect of the methyl group. Electronic effects are known to be of importance, because the 
(strongly electron-donating) amino-group, if present in any position in quinazoline other 
than at 6 , causes the normal cation to predominate.'
However, 4-chloro-, 4-cyano-, and 4-cyanoethoxycarbonylmethyl-quinazoline, in 5*6n- 
hydrochloric acid, have now also been found to give mainly the normal cations (see 
Table 3), although here the substituent is electron-withdrawing. It is thus by their 
steric effect that 4-substituents cause predominance of the normal cation, and the view 
that the conversion of the normal into the abnormal cation involves attack at the 4-position 
is confirmed.
4-Cyanoethoxycarbonylmethylquinazoline is stable in 5-6N-hydrochloric acid, but the 
cyano- and the chloro-derivative are rapidly hydrolysed to 4-hydroxyquinazoline (the 
half-reaction times being about 5 min. and 50 sec., respectively). Very probably a 
small amount of an ion (IV) is present in equilibrium with (III) here ; however, amide 
cyanohydrins and chlorohydrins are not stable, and rapid elimination of hydrogen cyanide 
or hydrogen chloride from a form (IV; X =  CN or Cl), with formation of the cation of 
4-quinazolone {i.e., of 4-hydroxyquinozaline), would be expected.*
Unsuccessful attempts were made to synthesize 4-acetonyl- (II ; X =  CHg'COMe) and 
4-cyanomethyl-quinazoline (II ; X =  CHg'CN) as examples of quinazolines in which the 
“ X ” group is electron-attracting but not readily hydrolysable. In the former synthesis
T a b l e  2 . Ionization constants in  water, at 2 0 °.
C o m p o u n d  pA’a S p re a d  ( ± )  C oncn . (m )
Q u in a z o lin e "  ( I T  X =  H ) ................................................................ 3-51 0-0.5 0-07
2 -M e th y lq u in a z o lin e  .....................................................................................  4-52 0-02 0-005
4 -M e th y lq u in a z o lin e  " ................................................................................  2-52 0-02 0-07
2 .4 -D im e th y Iq u in a z o lin e  ...........................................................................  3-60 O-Ol 0-002
4 -(a -C y a n o -a -e th o x y c a rb o n y lm e th y l)q u in a z o I in e  ...................  (9-78 0-05 0-005)*
3 .4 -D ih y d ro q u in a z o lin e  ...........................................................................  9-19 0-07 0-002
3 .4 -D ih y d ro -3 -m e th y lq u in a z o lin e  .......................................................  9-23 0-03 0-001
1 .4 -D ih y d ro - l- in e th y lq u in a z o lin e  .......................................................  9-43 0-04 0-005
3 .4 -D iliy d ro q u in a z o lin iu n i-4 -su lp h o n a te  (V I) .............................  (7-1 0-002)*-*^
3 .4 -D ih y d ro -2 -m e th y lq u in a z o lin e  ................................................. 10-16 0-04 0-005
1,2 3 ,4 -T e tra h y d ro q u in a z o lin e   7-65 0-03 0-005
P h th a la z in e .........................................................................................................  3-50 0-02 0-005
1-M e th y lp h th a la z in e   4-39 0-01 0-005
" A lb e rt, B ro w n , a n d  W o o d , / . ,  1954, 3832. * P ro to n  lo s t ;  th e  o th e r  p /va  v a lu e  is less t h a n  1.
 ^ A p p ro x . ; th e  a n io n  sp l i ts  off s u lp h ite  io n  a t  a n  a p p re c ia b le  r a te .
benzyl sodioacetoacetate was condensed with 4-chloroquinazoline with the aim of later 
débenzylation and decarboxylation ; however, the condensation followed the mechanism 
suggested by Elderfield and Serlin and 4-benzyloxycarbonylmethylquinazoline and not 
4 -a-benzyloxycarbonylacetonylquinazoline was isolated. In the latter synthesis alkaline 
hydrolysis of 4-(a-cyano-oc-ethoxycarbonylmethyl)quinazoline was studied but the ester
* Som e o th e r  4 - s u b s t i tu te d  q u in a z o lin e s  [e.g.,  w h e re  X  =  C E t(C 0 2 E t)g '| g ive  4 -h y d ro x y q u in a z o lin e  
w h en  h e a te d  w ith  a c id ,"  p re s u m a b ly  b y  th e  sa m e  m ec h an ism .
resisted hydrolysis when boiled with 3 equivalents of alkali and with 3N-potassium 
hydroxide; this is probably due to the formation of a stable salt (cf. p/v  ^in Table 2), and 
more drastic hydrolytic conditions caused considerable decomposition. Finally 4 -(a -  
cyano-oc-benzyloxycarbonylmethyl)quinazoline was prepared, but on hydrogenolysis a 
mixture was obtained from which the free acid could not be isolated.
T .\b le  3. Ultraviolet spectra.
p H Ajumx. (iiig) log  £,n,ix.
C o m p o u n d S o lv e n t (or H q ) S p ecies " (in fle c tio n s  in  ita lic s)
Q u in a zo lin e HoO 7-0 N 2 2 2 ; 271 ; 305 4-57; 3-40; 3-38
H lU 1-0 .AC 2 08 : 260 4-20 ; 3-91
CHCl„*CO.,ll * - 0 - 9 C 297 ; 30!)] 333 3-44; 3-36] 3-36
lE O -H o S Ô , - 4 - 3 C 2 3 8 ; 2S4] 200] 300] 4-40 ; 3-51] 3 30] 3-22;
333 3-10
H ..SO , - 9 - 4 DC 2 5 2 ; 3 07 ; 314] 363 4-54 ; 3-57 ; 3-55] 3-10
4 -M e th y lq u in a z o lin e IL O 7-0 N 2 23 ; 2 70 ; 305 ; 314 4 62; 3-45; 3-45; 3-41
H.T) 0-3 C 234; 2 70 ; 2 79 ; 323 4-52; 3-47; 3-45; 3-34
CHCU-CO..H * - 0 - 9 C 298; 328 3-41; 3-44
H „SO , - 9 - 4 DC 2 53 ; 3 05 ; 313] 353 4-50; 3-55; 3-54] 3-20
P y r im id in e H ,0 - H „ S 0 , - 3 - 6 C 23S -b 242 +  24<S 3 57 4- 3-64 3-52
H „ 0 -H ..S ( ) , - 8 - 9 DC '■ 242 +  246 4-  2Ô2 3-73 +  3-77 i- 3-62
2 -M e th y lq u in a z o lin e I-LO 7-0 N 223; 2 68 ; 310 ; 320 4-60; 3-41; 3-40; 3-31
Ho'O 1-0 A C 2 0 7 ; 258 4-28; 3-96
2 ,4 -D im e th y lq u in - H k ) 7-0 N 2 26; 2 66 ; 309 ; 3IS 4-67; 3-45; 3-49; 3 45
a zo lin e H .,t) 1-0 C 2 36; 2 65 ; 277] 302] 4-46; 3-49; 3-45] 3 2.9;
322 3-29
4 -C h lo ro q u in a zo lin e  / H .,0 5-5 N 2 28 ; 2 74 ; 3 0 9 ; 3)7 4-62; 3-41; 3-50; 3 47
H .,0 -H C 1 - 1 - 9 c»/ 2 4 2 ; 310 4-62 ; 3-75
4 -C y a n o q u in a z o lin e  / H , 0 7-0 N 2 37 ; 324 4-49 ; 3-58
h :o- h ci - 1 - 9 C 2 46 ; 328 4-39; 3-78
4- (a -C y a n o -a -e th o x y - b lo O -E tO H 7-0 X 2 09 ; 234 - f  239 4-54; 3-88 -4 3-89
c a rb o n y lm e th y l) - ( f :  1) 285 +  202] 348; 3-97 4- 5-05] 4-17;
q u in a z o lin e 363 +  382 4-39 4- 4-36
H jO -H C l — T 9 c 2 16 ; 238 +  2 44 ; 4 -33 ; 3-84 +  3-86;
2 8 2 ; 343] 358 - f 4-2 6 ; 4-23] 4-40 4-
376 4-36
3 ,4 -D ih y d ro q u in - H X ) 11-5 N 217 +  221 +  227] 4-07 4- 4-09 4- 3-07]
a zo lin e 291 3-76
H , 0 7-0 C 212 +  217 +  225] 4-26 4- 4-25 +  4-01]
280 3-69
3 ,4 -D ih y d ro -3 -m e th y l-■ HoO 11-5 N 219 +  225 4-  231 ; 3.9.9 +  4-01 +  4-04;
q u in a z o lin e 304 3-90
HoO 7-0 C 214 +  218 +  224] 4-23 +  4-24 +  4 04]
284 3-79
1,4 -D ih y d ro -1 -m e th y l- HoO 11-5 X ? * +  220 4- 225] ? +  4-04 +  3-07]
q u in a z o lin e 289 3-64
HoO 7-0 c 213 -f 218 +  224] 4-20 +  4-19 4- 3-9.9;
282 +  292 3-61 +  3-60
3,4-Dihydro-2-methyl-■ HoO 12-5 X 217 +  220 4- 226] 4-12 +  4-13 4- 4 02]
q u in a z o lin e 290 3-82
HoO 7-0 c 211 +  215 4- 221] 4-30 4 4-31 +  4-08]
276 3-74
3 ,4 -D ih y d ro q u in - HoO 4-0 " X  " i 222 4- 22.9; 282 4-17 +  3 03] 3-66
azo lin iu m -4 -
s u lp h o n a te  (V I)
1 ,2 ,3 ,4 -T e tra h y d ro - HoO 10 X 239; 287 3-80; 3-19
q u in a z o lin e 5 c 2 3 7 ; 287 3 82 ; 3-16
P h th a la z in e HoO 7 X 2 1 8 ; 2 61 ; 2 92 ; 297] 4-83; 3-53; 3 -18; 311]
305 3-11
HoO 0 c 2 29 ; 27 3 ; 314 4-61 ; 3-35; 3-45
1 -M e th y lp h th a la z in e H'oO 7 X 2 1 9 ; 26 2 ; 270] 2 92 ; 4 -70 ; 3-59; 3-57] 3-21 ;
305 3-18
HoO 2 c 2 30 ; 27 1 ; 304] 312 4-62; 3-40; 3 40] 3-46
" N  =  n e u tra l m o lecu le  ; C = (no rm al) c a t io n  ; . \C  =  a b n o rm a l c a t io n ;  D C  =  d ic a t io n .
* T ra n s m is s io n  l im it,  290 mfi .  ‘ T h is  s p e c tru m  is p ra c t ic a lly  u n c h a n g e d  b e tw e e n  H q — 1 1 2  a n d  
H q - 4 - 5 .  N e a r  H q — 0 3  p y r im id in e  sh o w s o n ly  a  b ro a d  u n in f le c te d  b a n d  (A,n„x. ~ 2 4 3 -o  ni/z). 
« T h e  w a v e le n g th  of th is  s p e c tru m  is o n ly  s l ig h tly  c h a n g e d  b e tw e e n  H q =  — 8-5 (A,nax. 246 m/x) a n d  
— 9 35 (Amax. 245-5 ni/x). f  E s t im a te d  b a s ic  pA 'a v a lu e  b e tw e e n  0 a n d  — 0-5. '  D e te rm in e d  w ith in
a b o u t  2 se c o n d s  a f te r  a c id if ic a tio n  (b y  m ix in g  in  a  sp e c ia lly  d e s ig n ed  a p p a r a tu s  u t il is in g  a  ra p id -flo w  
te c h n iq u e ;  see  a c k n o w le d g m e n ts ) . * P e a k  b e lo w  210 m g . ' Z w itte r io n  (V I).
Ionization Constants.—2-Methylquinazoline has an anomalously high base strength, 
but the 2,4-dimethyl derivative has not, in agreement with the view that abnormal cation 
formation entails attack on an unhindered 4-position.
Spectral Shifts.—When substance (II; X =  H, Me, Cl, or CN) forms the normal mono­
cation, there is a small shift of the whole electronic spectrum to longer wavelengths; form­
ation of the dication (when X =  H or Me) results in a bigger shift, in the same direction.
As regards substituent effects (relative to that of hydrogen), the spectrum of neutral 
(juinazoline is displaced to longer wavelengths by 4-substituents in the order (H <)Me <  
Cl <  CN. However, 4-substituents in the normal monocation (III) displace the long- 
wavelength band (near 830 mg) to shorter wavelengths, which is very remarkable; the 
displacements increase in the order (H <)CN <  Me <  Cl. The long-wavelength band 
in the dication is similarly moved to shorter wavelengths when H,^ ,^ is replaced by Me.
The grouj) -CH(CN)*COgEt in the 4-position of quinazoline greatly modifies, and 
complicates, the spectrum. 'J'here is complete correspondence between the bands obser\ ed 
for the cation and those appearing for the neutral molecule, but cation formation does not 
affect the whole spectrum uniformly.
Spectral Comparison hetiveen the Abnormal Monocation of Quinazoline and Substances 
related to Reduced Quinazolines.—That the formation of the abnormal cation of (juinazoline 
does not entail ring fission is indicated by: [a) the very rapid reversibility of abnormal 
cation formation ; [b] the electronic spectrum of the abnormal cation, which is not what 
would be expected for an oW/w-substituted aniline or an o/'^Ao-substituted benzaldehyde 
(either of which should show an absorption maximum above 290 mg) ; (c) the ready oxid­
ation of quinazoline in 2N-sulphuric acid (in which —98% is present as the abnormal 
cation), by hydrogen peroxide or chromic acid at 20°, giving a high yield of 
4-hydroxyquinazoline (cf. a similar demonstration of covalent hydration in 2- and 
0-hydroxypteridine ^^ ).
s o ;  H OH
N H  NH
H X
O H
(Va)  ^  (Vb)  ^  (VI)  ( VI I )  (VI I I )
If, on the other hand, the structure of the abnormal cation is given by (IV), its spectrum 
should be similar to that of the cation (V) of 3,4-dihydroquinazoline ; the replacement of a 
hydrogen atom in the saturated portion of (V) by hydroxyl should only produce small 
band shifts. Actually, there is a general resemblance between the two spectra (see 
Table 3) ; however, the band of the cation (V) at 280 mg appears to be displaced to 260 mg 
in the abnormal quinazolinium ion, i.e., the shift is too large to be wholl}^  in accord 
with structure (IV) for the ion.
In order to ascertain the effect of substituents on the spectrum of the cation (V), we 
examined the I-, 2-, and 3-methyl derivatives of the cation (V), also the product (VI) of 
nucleophilic addition of sulphurous acid to quinazoline. The spectra of all these resemble 
that of the cation (V) closely, the above-mentioned band maximum being located near 
282 mg. Thus a 4-hydroxyl group in the cation (V) is unlikely to produce a hypsochromic 
shift of 20 mg, and this throws further doubt on the proposed structure (IV) for the 
abnormal cation.
It is also conceivable that the abnormal cation is the dihydrate (VII), formed by 
addition of two molecules of water to the normal ion (III; X =  H). However, the cation 
of 1,2,3,4-tetrahydroquinazoline has a spectrum closely resembling that of aniline (as 
expected), and quite different from that of the abnormal quinazoline ion, for which 
structure (VII) is therefore ruled out.
Regarciing other possibilities, the abnormal ion could have structure (VIII; X =  OH),
but this seems very unlikeh- because, for the cations of 3,4-dihydroquinazoline and its
3-meth\d and 4-sulphonate deri\ ati\'es, the tautomers of type (V) and (VI) are energetically 
preferred to (VIII). Alternatively, the relative contributions of the canonical forms 
(a) and (b) could be different for the ion (I\’) on the one hand, and the ion (V) and the 
A"-methyl and 4-sulphonate derivatives on the other; but this, too, is somewhat unlikely. 
However, there is no conclusive e\ idence in this regard, and the precise structure of the 
abnormal quinazoline cation is still unsettled; it is hoped that further work will shed more 
light on it.
The Structure o f“ 3,4 ”-Dihydroquinazoline.—This is not settled unambigously from the 
syntheses because prototropic rearrangement, giving the 1,4-dihydro-tautomer, could 
have occurred. Also the similarit}' in base strength between 1,4-dihydro-1-methyl- and
3,4-dihvdro-3-meth\i-quinazoline suggests that in aqueous solution “ 3,4 "-dihydro- 
({uinazoline could be appreciably tautomerized to the 1,4-dihydro-isomer. However, the 
electronic spectrum of the substance, especially in the short-wavelength region (peak at 
221 mg), resembles that of 3,4-dihydro-3-methylquinazoline (double peak at 225 -(- 231 mg) 
more closely than that of 1,4-dihydro-1-methylquinazoline (peak not observed because 
below 210 mg).* It is therefore concluded that this substance is probably largeh' 3,4- 
rat her than 1,4-dihydroquinazoline.
The Cation of Phthalazine.-~T\\o onl\- other instance of a diazanaphthalene with a 
considerably higher base strength than that of its parent diazine is phthalazine (2,3-diaza- 
naphthalene), its p/% value being 3 5 as compared with 2 3 for pyridazine. This could 
simply be due to the high single-bond character of the N~N bond in phthalazine and it is 
to be noted that, while a stronger base than cinnoline (pAT 2-3), phthalazine is still a much 
weaker base than isoquinoline (pAT 5-4). The alternative possibility that phthalazine 
might form an abnormal cation, like quinazoline, is ruled out by the electronic spectrum of 
the phthalazine cation which is now shown to be normal and similar to that of 1-methyl­
phthalazine (see Table 3).
E x p e r i m e n t .a l  
Analyses were by Dr. J. E. Fildes and her staff.
Syntheses of Compounds.—Quinazoline and its 2 -methyI-,^" 4-methyl-,^® 2,4-dimethyl-,^'*
4-(a-cyano-a-ethox)^carbonylmethyl)-," 4-chloro-,-" 3,4-dihydro-," 3,4-dihydro-3-methyl-,^^ 1,4- 
dihydro-1 -methyl-,-^ 3,4-dihydro-2-methyl-,"^ and 1,2,3,4-tetrahydro-derivative,^^ phthal- 
azine,-^ and 1 -m ethylphthalazine were prepared as described in the literature, examined 
chromatographically, and purified for analysis.
Oninazoline hydrochloride. Dry hydrogen chloride was bubbled through a solution of 
quinazoline (500 mg.) in anhydrous ether (30 ml.) until separation of the white needles was 
complete. The apparatus was flushed with dry nitrogen and filtration carried out in a dry 
box. The anhydrous salt was heated a t 100° for 15 min. to remove excess of hydrogen chloride. 
This product readily absorbed atmospheric moisture, almost liquefying, then resolidifying, to 
give a non-hygroscopic salt (71%), m. p. 127— 128°, which contained the elements of w ater 
(Found: C, 52-2; H, 4-9; Cl, 19-3. CsH^ClNoO requires C, 52-05; H, 4-9; Cl, 19-2%). I t  
was not dehydrated a t 25°/15 mm. (over KOH) in 4 days, bu t lost 58% of its water a t 00°/15 mm. 
(over P 0O5) in 1 0  hr.
SA-Dihydroquinazoliniuni-A-sulphonale: A 1 0 °{, solution of sodium sulphite in water was
added to aqueous quinazoline (650 mg. in 1 ml. of water) and the whole was left a t 20— 25° for 
1 hr. The white solid (A) was filtered off, tritu rated  with water, then with a little ethanol, and 
dried (882 mg., 76%). I t  had m. p. 181— 182° (effervescence) and contained sodium. 
Recrystallisation from boiling water gave white needles (B) which sublimed a t 210— 212° [lit.,-'* 
195— 199° (decomp.)] (Found: C, 45 2; H, 4-1 ; N, 13-1; S. 15-3; Ash. 0. Calc, forCgHgNgOaS: 
C, 45-3; H, 3-8; N, 13-2; S, 15-1%). Materials (A) and (B) have identical Rp values a t pH  5.
4-Cyanoquinazoline. This was obtained in 2 % yield by fusing 4-chloroquinazoline with 
cuprous cyanide, although it had been claimed th a t no cyanoquinazoline could be obtained
* W h a te v e r  th e  s t r u c tu r e  o f th e  s u b s ta n c e ,  a  b a th o c h ro m ic  sh if t  is e x p cc lo tl for th e  c o rre sp o n d in g  
*V -m ethyl d e r iv a tiv e .
b y  t h is  n ic ll iu c l.  I t  w a s  a ls o  p r e p a r e d  in  t h e  sa m e  o v e r a l l  y ie ld ,  b y  c o n v e r t in g  4 -c li lo r o -  
q u in a z o l in c  in t o  t r im e t h y  1-4-( ju in a z o l in y la m m o n iu m  c h lo r id e  a n d  f u s in g  t h e  la t t e r  w i t h  s o d iu m  
c y a n id e  in  a c e t a m id c  a c c o r d in g  t o  t h e  g e n e r a l  m e th o d  o f  K lo tzer .^ "  4 -C y a n o q u in a z o l in e  h a d  
m . p . 1 1 5 — 116° (lit.,^* 1 1 8 — 119°) (F o u n d ;  C, 69  9 ; I I ,  3 5 ; N ,  2 6  8. C a lc , fu r  CgHgNa: C, 
6 9  T ; H , 3 2 5 ;  N ,  27-1 % ). T h e s e  s p e c im e n s  p r o v e d  t o  b e  id e n t ic a l  w it h  th e  c y a n o q u in a z o l in e  
p r e p a r e d  r e c e n t ly ,  in  b e t t e r  y ie ld ,  b y  H ig a s h in o  b y  o x id a t io n  o f  t h e  q u in a z o l in e - h y d r o g e n  
c y a n id e  a d d  n e t .
A-Bcnzyloxycarbonylmcdhylqiiinazolifie. 4 -C h lo r o q u in a z o lin c  (3 -5  g . ,  1 m o l.)  in  d r y  b e n z e n e  
(7 5  m l.)  w a s  a d d e d  s lo w ly  t o  a  s t ir r e d  s u s p e n s io n  o f  b e n z y l  s o d io a c e t o a c e t a t e  [p r e p a r e d  fr o m  
4 8 0  m g . o f  s o d iu m  a n d  3 -8 4  g . o f  b e n z y l  a c e t o a c e t a t e  in  e th e r ;  t h e  s o lv e n t  w a s  t h e n  r e m o v e d  
in vacuo] in  d r y  b e n z e n e  (7 5  m l.) .  T h e  m ix t u r e  w a s  s t ir r e d  a n d  r e f lu x e d  fo r  2 8  h r . T h e  s o lv e n t  
w a s  d i s t i l le d  o ff a n d  t h e  r e s id u e  d is s o lv e d  in  t h e  m in im u m  v o lu m e  o f  w a t e r  a n d  a c id if ie d  to  
p H  2. T h e  p r e c ip i t a t e d  esfcr (3-1 g .,  5 2 % ) r c c r y s ta ll i s e d  fr o m  b e n z e n e - l i g h t  p e tr o le u m  (b . p . 
4 0 — 6 0  ) a s  n e e d le s ,  m . p . 1 3 9 — 1 4 0 ° (F o u n d :  C, 7 3 -6 ; H , 5 -1 ; X ,  9 -9 . C i- I H .X .O .,  r e q u ir e s  
C. 7 3 -4 ;  11, 5 -1 ; N ,  1 0 -1 % ).
A-{%-Cyano-y-benzyloxycarbonyhnethyl)quin(izoline. T o  a  s t ir r e d  s o lu t io n  o f  4 - c h lo r o ­
q u in a z o lin e  (6 -6  g . ,  1 m o l.)  in  d r y  b e n z e n e  (7 0  m l.)  w a s  a d d e d  a  s u s p e n s io n  o f  b e n z y l  s o d io -  
c y a n o a c e t a t e  (fro m  9 2 5  m g . o f  s o d iu m  a n d  7 -0  g . o f  b e n z y l  c y a n o a c e t a t o  -") in  d r y  b e n z e n e  
(1 2 5  m l.) .  T h e  m ix t u r e  w a s  r e f lu x e d  fo r  2 5  h r . a n d  w o r k e d  u p  a s  a b o v e .  T h e  ester (5 -4  g .,  
4 4 % ) c r y s ta l l i s e d  fr o m  b e n z e n e - l i g h t  p e tr o le u m  (b . p . 40-— 60°) a s  n e e d le s ,  m . p . 1 5 0 — 1 5 1 °  
( F o u n d :  C. 7 1 -3 5 ;  H , 4 -4 ; N ,  13-8 . C iaH igN gO o r e q u ir e s  C, 7 1 -3 ; H, 4  3 ; N ,  1 3 -9 % ).
Oxidation o f the Abnormal Oiiinazoline Cation.— Hydrogen peroxide (100-vol.; 2-3 ml.,
2 equiv.) was added to a solution of quinazoline (1-30 g., 1 mol.) in 2N-sulphuric acid (10 ml.). 
.\f tc r 2 days a t room tem perature the solution was m ade alkaline (pH ~10) and then acidified 
to pH  ~ 4  w ith glacial acetic acid. 4-Hydroxyquinazolinc gradually separated; recrystallised 
from ethanol-ligh t petroleum  (b. p. 40— 60°), it (1-21 g., 83%) had m. p. alone or mixed w ith
4-hydroxyquinazoline 217— 218°. Paper chrom atography in 3% aqueous am m onium  chloride 
and in butan-l-o l-5x-acetic acid (3 : 1) showed th a t the two substances were identical and th a t  
no quinazoline was left in the mother-liquors. Oxidation of quinazoline in 2N-sulphuric acid 
w ith chromic oxide (4 equiv.) gave 4-hydroxyquinazoline which was isolated in 95% yield.
Ionization Constants.— In  th e  ra n g e  p i%  1— 12-5 th e se  Avere m e asu red  b y  th e  p o te n tio m c lr ic  
m ethod.'*" S econd  bas ic  io n iz a tio n  c o n s ta n ts  w ere d e te rm in e d  sp c c tro p h o to m e tr ic a lly .
Spectra.— Infrared spectra Avere taken Avith a P erk in -F lm er 21 double-beam spectro- 
])hotomctcr, ultraviolet spectra Avith a Perk in-E lm er Spectracord model 4000-A double-beam 
spectrophotom eter, and the maxim a checked Avith a Hilger Uvispek Alark V m anual instrum ent.
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107. Quinazolines. Part IV.^ Covalent Hydration in the 
Cations of Substituted Quinazolines.
By W. L. F . A r m a r e g o .
Twenty mono(B^-)substituted quinazolines have been prepared, some 
by conventional routes, b u t ten  of them  by  alkaline decomposition of 
appropriately substitu ted  4- (A'-toluene-/>-sulphonylhydrazino) quinazolines 
made from the corresponding 4-chloroquinazolines.
The ionization constants and ultraviolet spectra reveal m any examples of 
stable covalent hydration in the cation. The kinetics of dehydration of 
some (unstable) hydrated  neutral molecules have been measured and used to 
throw  light on the degree of hydration  in the cation. The relation between 
hydration and the positions and nature of the substituents is discussed.
T h a t  electron-donating substituents in the benzene ring of a quinazoline could inhibit 
hydration in a quinazoline cation was first suggested for the cations of 5-, 7-, and 8-amino- 
quinazoline because the ultraviolet spectra differ so much from that of the 6-isomer.  ^
However, the aminoquinazolines are perhaps not the best examples for early discussion 
because the position of protonation (on ring- or amino-nitrogen) in each isomer was not 
established. The present investigation was therefore undertaken to find out mainly 
whether the electronic effects of simple substituents, preferably in the benzene ring of 
quinazoline, are relayed to the 3,4-double bond in the respective cations. Twenty mono- 
(Bz-)substituted and one (Bz-)disubstituted quinazolines (16 of them new) were synthesized. 
The substituents (methyl, chloro, methoxy, hydroxy, and nitro) were chosen so as to 
a\'oid the complication encountered in the aminoquinazolines.
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F ig . 1. U ltraviolet spectra (in water) of: A, quinazoline 
cation ; B, 4-methylquinazoline cation and C, 6 -methyl- 
quinazoline cation.
The ultraviolet spectrum of quinazoline shows the three main bands typical of aza- 
naphthalenes but the cation, in water, shows marked hypsochromy instead of the usual 
bathochromic shift. The neutral molecule, in water, is anhydrous and the anomaly in 
the cation has been attributed to covalent hydration.^»  ^ The structure (I) postulated for 
the cation has been confirmed  ^and hence the ultraviolet spectrum will be taken as typical 
for an (almost completely) hydrated quinazoline cation for purposes of comparison in the 
present work. Although 2-methylquinazoline also forms a similar hydrated cation, the 
cation of 4-methylquinazoline has a spectrum similar to that of its neutral molecule but 
with a small bathochromic shift of the long-wavelength band.^ In the present studies 
this is taken as an example of (predominantly—see below) the normal (anhydrous) 
cation. Thus the spectrum of a quinazoline whose cation contained both anhydrous and 
hydrated species should show features of both the above typical spectra (e.g., Fig. 1, C), 
i.e., a low-intensity band at long wavelengths due to the anhydrous cation and a high-
intensity band at ca. 260 mj^  due to the hydrated species. The ratio of anhydrous to 
hydrated cations should be calculable from the extinction coefficients.
In quinazoline, hydrated species are involved during the determination of the ionization 
constants and the basic p/ia of 3 51 is an overall ionization constant (p/Ca®'0 for the 
equilibria ;
Anhydrous cation
la)
Anhydrous neutral molecule Hydrated cation
(d )% ^  ^  (C)
Hydrated neutral 
molecule
In the forward- and back-titrations no hysteresis was observed, indicating that the 
equilibrium pH values are rapidly attained and that the half-Hves of the anhydrous cation 
and the hydrated neutral molecule are very short. By rapidly adjusting the pH of an 
acid solution of quinazoline to an alkaline value above the pi^a of 3,4-dihydroquinazoline 
(9T9) ^ and measuring the rate of change of absorption at 290 mii it was possible to obtain 
the half-life of dehydration of the hydrated neutral molecule (which is present in the 
system after the very rapid loss of a proton at this pH from the hydrated cation). The 
half-life at pH 10 5 was 9 5 seconds.* The pA'a for the hydrated species [equilibrium (c)] 
was found to be 1-11 4= 0 04  ^ by using a continuous-fiow technique and measuring the 
absorption at 290 mi% after rapid adjustment of the pH of an acid solution with various 
buffers.* The pAa for the anhydrous species [equilibrium (a)] was estimated ^ as T5. 
The pAa®*! for quinazoline (3 51) is between these two figures and its value depends on the 
relative stabilities of the anhydrous and the hydrated species. Thus the pAa®'i is lowered 
if the anhydrous cation is the more stable, and is raised if the hydrated neutral molecule 
is the more stable. Hence, in addition to the ultraviolet spectra, the ionization constants 
of quinazolines can be diagnostic of hydration.
Quinazoline has two basic centres but it is not of prime importance to know which 
nitrogen atom originally accepts the proton in aqueous solution because addition of water 
(whether 1,4 or 3,4) to the anhydrous cation must give the same stabilised structure (I). 
This applies to all the hydrated cations, but for the anhydrous cations the value of the 
ionization constant will depend on whether N(d or N(g) is protonated. Thus a comparison 
of the ionization constants of anhydrous cations should be taken with some reserve.
T a b l e  1.
P h y s ic a l  p r o p e r t ie s  o f  q u in a z o lin e s .
Ionization (H„0, 20°) “
'------ Spread Cone.
Spectroscopy in water '
Quinazoline pA'a (± ) (m) ^mas. (ni/i) loge pH
Unsubst.*... 222, 271, 305 4-57, 3-40, 3-38 7-0
3-51 005 007 208, 260 4-20, 3-91 1-0
4-Me * ....... 223, 270, 305, 314 4-62, 3-45, 3-45, 3-41 7-0
2 52 0 0 2 0 07 234, 270, 279, 323 4-52, 3-47, 3-45, 3-34 0-3
5-Me ..... 229-5, 285, 317 4-55, 3-35, 3-44 7-0
3 63 0 03 0005 246 +  261 -f 288, 348 3-79 4- 3-89 +  3-48, 2-07 0-4
6 -Me ....... 227, 268, 316 +  325 4-60, 3 35, 3-38 4- 3-33 7-0
3 41 0 0 2 0-005 244 -f 267, 340 3-78 4- 3-93, 2-06 0-7
7-Me ....... 228, 289 4- 299 -|- 310 4-58, 3-52 T 3 52 +  3-44 7-0
317 0 0 1 0-005 214, 242 +  263 ■» 4-27, 3-89 +  3-83 0-4
8-M e 230, 286 4- 314 4-55, 3 34 4- 3 37 7-0
3 20 005 0-005 213, 245 -b 263 4- 290, 4-80, 3-81 4- 3 87, 3-50, 2 13 0-4
346
* These determinations were kindly carried out by Dr. D. D. Perrin by rapid-reivetion techniques.
T a b l e  1 [continued).
Ionization (HgO, 20°) "
Spread Cone. A
Quinazoline pAT (± ) (m ) ^aiax. (ni/t) lo g s pH
2-Cl ............ — 1 6  ' 0 2 0 25 X 10-J 231, 274, 316 -j- 320 4-61, 3-37, 3-33 4- 3-28 5-7
5-Cl ............ 230, 287, 316 4-55, 3-44, 3-46 7-0
3 75 0 02 0-005 215, 259 +  281 +  290 i 4-21, 3-95 +  3-56 -f- 3-35 0-4
6-Cl ............ 226, 260, 315 +  324 4-68, 3-42, 3-34 4 - 3-30 7-0
3 55 001 0-0025 208, 266 4-02, 4-02 1-0
7-Cl ............ 227-5, 277, 302 +  314 4-66, 3-61, 3-52 4- 3-45 5-5
3 29 0 0 3 0-4 X 10'^ 217-5, 261 4-47, 3-87 0-5
8-Cl ............ 230, 285, 317 4-55, 3-39, 3-49 6-0
3 30 0 04 0-005 216, 264 4-20, 3-91 1-0
6,8-Clo 233, 278, 323 +  332 4-61, 3-40, 3-40 +  3-36 6-0
3 06 “ 0 0 3 0-5 X 10-^ 218, 270 4-18, 3-99 1-0
2-OMc 222, 235. 265, 326 +  
336
4-51, 4-38, 3-51, 3-46 4- 3-38 6-0
1 3 1 / 0 08 0-02 216-5, 238, 293, 337 4-30, 4-44, 3-81, 3-41 - 1 -1
4-OMe 222 +  226, 264 +  269, 
298, 310
4-47 4 - 4-44, 3-64 +  3-59, 
3-48, 3-50
7-2
3 1 3 / 0 0 5 228 +  235, 305 * 4-23 +  4-33, 3-65 0-3
5-OMe 240, 294, 334 4-53, 3-18, 3-50 7-0
3 41 0 03 0-005 218, 253, 288, 388 4-13, 3-89, 3-62, 2-40 1-3
6 -OMe 233, 260, 334 4-57, 3-53, 3-49 7-0
2 85 0 04 0-005 253, 276, 364 3-95, 3-98, 2-51 0-4
7-OMe 236, 313 4-59, 3-71 7-0
2 89 0  0 2 0-005 228, 250, 321 4-18, 4-27, 3-83 0-5
8 -OMe ,,, 239, 329 4-54, 3-42 7-0
3 51 0 0 1 0-005 216, 259, 297 3-99, 3-86, 3-78 0-4
5-OH 239, 296, 336 ‘ 4-54, 3-15, 3 43 5-5
3 64 0 04 0-0025 254, 291, 395 3-76, 3-62, 2-34 1 - 0
7 39 0  0 2 0-0025 252, 330, 396 4-44, 3-38, 3-54 1 0 - 0
6 -ÜH '' 231, 264, 336 4-50, 3-52, 3-51 5-65
3 12 0 03 0-005 252 4- 275, 368 3-90 +  3-95, 2-49 1 - 0
8  19 0 0 1 0-005 248, 285, 380 4-55, 3-76, 3-53 1 1 0
7-OH , ,, 235, 272, 314 4-48, 3-51, 3-66 5-2
3 22 0 03 0-0025 2 2 2  4 - 249, 322 4- 340 4-14 +  4-22, 3-74 +  3-67 I-O
1-31 0 0 03 0-0025 225, 253, 293, 354 4-27, 4-47, 3-66, 3-83 10-0
8-OH 240, 327 4-48, 3-36 7-0
3 41 0 01 0-01 257, 298, 376 3-85, 3-75, 1-79 1-0
8 65 y 0 02 0-005 235 4- 254, 338 +  369 4-03 +  4-39, 3-50 +  3-36 11-0
5 -NO 2 215, 292 4 - 320 4-51, 3-80, 3-56 7-0
3 75 0 01 0-005 260, 319
285 4- 312 4- 323
4-08, 3-14
3-80 +  3-58 +  3-46
1-0
---m
6-NO., , 216, 249, 287 4-21, 4-32, 3-81 7-0
4 18 0 01 0-0025 222, 306
241 +  246 4- 253, 281 
4- 290, 321
3-99, 5-04
4-34 +  4-37 +  4-25, 3-84 
+  3-80, 3-10
0-1
__m
7-NO........... 215, 242, 273, 329 4-34, 4-18, 3-93, 3-34 7-0
4 05 0 01 0-0025 251, 315
238 4- 269 4- 280, 315 
4- 326 +  340
4-29, 3-15
4-26 +  3-87 -b 3-64, 3-21 
-b 3-28 +  3-12
1-8
--- XI
8-NO., ....... 218 4 - 269, 316, 417 4-59 +  3-58, 3-63, 2-80 7-0
4 00 0 02 0-0025 247 -b 272, 331 4- 407 4-01 +  3-91, 3-62 +  3-00 1-7
" p/^a values were m easured po tentiom etrically  as by  A lbert and Phillips ( / . ,  1956, 1294), unless 
otherwise s ta te d ; basic p /ÿ , values are overall ionization constants. * Ref. 3a. Spectroscopic a t 
224 m ^; m aterial kindly supplied by  Dr. G. B. Barlin. ^ Spectroscopic a t  260 m/x. ® Spectroscopic 
a t 680 m/i. /  p/^a’s from A lbert and Phillips, ref. a ; 2-m ethoxyquinazoline was k indly  supplied by 
Prof. A lbert, o P ro ton  lost. * p/va from A lbert and H am pton  ( / . ,  1954, 505). * Inflexions are
underlined. ) A bsorption tails off a t  longer wavelengths. * Spectrum  taken  w ithin 5 min. after 
p repara tion  of solution. ' N eutra l molecule spectrum  from ref. 4. In  cyclohexane.
Ultraviolet Spectra.—The quinazolines (other than nitroquinazolines) recorded in 
Table 1 showed the typical spectrum of quinazoline at pH 7 0. These spectra were taken 
at 2 pH units (at least) above the ionization constants to ensure that only neutral molecules 
were present. The comparison suggests that all these quinazolines form anhydrous 
stable neutral molecules and hence the spectral differences in the cations warrant the 
qualitative interpretations that follow. The cations of 5-, 6-, 7-, and 8-methylquinazolines 
(107)
have the type of spectrum (C) in Fig. 1, and are mixtures of hydrated and anhydrous 
forms. 6-, 7-, and 8-Chloro- and 6,8-dichloro-quinazoline cations are almost completely 
hydrated and their spectra are very similar to that of the quinazoline cation. The 
spectrum of d-chloroquinazoline cation shows a very weak absorption at longer wave­
lengths which tails off without a distinct maximum. This indicates that it is largely 
hydrated but contains a trace of the anhydrous cation.
Quite unlike the above two sets of isomers, the spectra of 5-, 6-, 7-, and 8-methoxy- 
quinazoline cations reveal that these isomers are not all similar to each other. 7-Methoxy- 
quinazoline cation is predominantly anhydrous and its spectrum (as with 4-methylquinazo­
line) is similar to that of the neutral molecule except for a small bathochromic shift. 5- 
and 6-Methoxyquinazoline cations have spectra of the type (C) in Fig. 1, and hence are 
partly hydrated, but 8-methoxyquinazoline cation is almost completely hydrated and 
shows the spectrum of the type (A) (Fig. 1). Again, 7-hydroxyquinazoline, like 7-methoxy- 
quinazoline, forms largely the anhydrous cation while 5-, 6-, and 8-hydroxyquinazoline 
cations gave spectra of the type (C) . Because the spectra of the anions of 5-, 6-, 7-, and 
8-hydroxyquinazoline (in aqueous alkaline solution) are of the normal type, it is likely 
 ^ that they are all anhydrous. A zwitterionic structure
NH NH [e.g., II) which can be written for the neutral molecules
^  isomers does not have a significant contrib-
 ^ N ution to the structure since the spectra in water and
in ethanol {e.g., for the 6- and the 8-isomer cf. ref. 4) 
are similar. The existence of the quinonoid structure (e.g.. Ill), which is possible only 
for the 5- and the 7-isomer must also be ruled out because the spectra of the neutral 
molecules of all the isomers do not show very great differences. The close similarity of 
the spectrum of the neutral molecule of each of the four (Bz-)substituted methoxyquinazo- 
lines to that of the similar (Bz-)substituted hydroxyquinazolines is also in agreement with 
these \dews.
The spectra of the neutral species of the four Bz-nitroquinazolines are complicated, 
as is common for nitro-compounds. The cationic spectra of 5-, 7-, and 8-nitroquinazoline 
do not differ markedly from those of the neutral molecules and the 6-isomer s h o w s  a 
bathochromic shift. The spectra of 5-, 6-, and 7-nitroquinazoline in cyclohexane were 
also not very different from those of the corresponding neutral species in water, which 
excludes the possible complication that the neutral species are hydrated. This indicates 
that the cations are anhydrous ; however, it is difficult to derive exact information regarding 
hydration in the nitroquinazolines from spectra.
Although ultraviolet spectra can clearly reveal the presence of an almost completely 
hydrated cation and can also indicate that a cation is a mixture of anhydrous and hydrated 
species when the percentage of the former is relatively small, these spectra cannot detect 
a small percentage of hydrated species because the absorption of the anhydrous cation 
occurs where it must greatly obscure that of the hydrated species. This difficulty was 
overcome by taking advantage of the fact that on rapid neutralisation the short-lived 
hydrated neutral quinazolines are formed. The spectrum of the hydrated quinazoline 
cation shows a maximum at 260 m[x and that of the hydrated neutral molecule  ^ (obtained 
by the rapid-flow technique), which resembles it very closely, is shifted 5 mjj, to longer 
wavelength (to 265 m^ r). In quinazoline the hydrated neutral molecule therefore shows 
a h\q)sochromic shift of 40 m^ x as compared with the (anhydrous) neutral molecule. 
Similar shifts are to be expected in the hydrated neutral species of other quinazolines 
when hydration takes place.
If a solution containing the cation of a completely anhydrous cpiinazoline is immediately 
adjusted to pH 10 (by the rapid-mixing technique, see Experimental section), the observed 
optical density at a fixed wavelength should not alter with time because the cation would 
be instantaneously converted into the stable neutral molecule and the absorption observed
would be due to this stable species. On the other hand, a sudden change of pH in a 
solution containing a mixture of anhydrous and hydrated cations must convert it into a 
mixture of anhydrous and hydrated neutral molecules. Their ratio at the time of mixing 
at pH 10 should be the same as in the original acid solution. Since the hydrated neutral 
species is unstable and because the wavelength is chosen such that the absorption of this 
species is as small as is experimentally possible, the initial absorption should rise with 
time until the hydrated neutral species is completely converted into the anhydrous species. 
The kinetics of dehydration of the hydrated neutral quinazoline can thus be followed and 
by extrapolation to zero time the absorption at the time of mixing can be determined. 
This should be mainly due to the anhydrous neutral species and a rough estimate of the 
percentage of anhydrous to hydrated cation can thus be made.
A possible disadvantage of this method is that, on neutralisation, the spectrum of the 
anhydrous species undergoes a hypsochromic shift and that of the hydrated species a 
small bathochromic shift. Thus, at the fixed wavelength chosen, the absorption by the 
hydrated neutral species may contribute slightly to the optical density at zero time (this 
is made as small as possible by working at as long a wavelength as possible). Therefore 
the estimated percentages of anhydrous cation in the mixture of cations represent a 
maximum value.
When this technique was applied to 4-methylquinazoline and the rate of change of 
optical density measured at 325 m[x, a curve of the type B—C in Fig. 2 was obtained.
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Extrapolation of B—C to zero time gave the optical density of the mixture consisting 
almost entirely of the anhydrous species, and from B—C the rate of dehydration of the 
hydrated neutral species was calculated. This experiment showed that the amount of 
anhydrous cation in 4-methylquinazoline was at the most 81%. 2-Methylquinazoline 
gave an extrapolated optical density almost equal to zero, indicating the virtual absence 
of anhydrous cation. The latter is in agreement with previous spectral evidence.^" Table 
2 shows the maximum percentages of anhydrous cation in methyl-, chloro-, and methoxy- 
quinazoline cations calculated from the rate curves. This method was unsuitable for the 
four B.?-hydroxyquinazolines because anions, formed in the final alkaline solution, absorb 
strongly at the wavelengths used.
It is also possible to calculate the approximate percentages of anhydrous cation from 
spectral data, by using the ratio of the extinction coefficient of the long-wavelength band 
in the neutral molecule to that in the cation. By using this ratio in 4-methyl- and 7- 
methoxy-quinazoline as standard for the respective series (the percentage of anhydrous 
cation for these two being taken from the kinetic experiments) and this ratio for the 
individual members from the spectra, the percentages of anhydrous cations in Table 2 
(last column) were calculated. These percentages are in good agreement with those
T a b l e  2.
% A nhydrous % Anhydrous 
H alf W avelength cation from ca tion  from 
Quinazoline ^obs (sec.~fi “ life (sec.)  ^ (m/z) rates spectra
Unsubst. .........................  0-077 9-0 305 0 0
2-Me ..................................  0-07 10-0 328 0 0
4-Me ..................................  0-15 4-7 325 81 '  81 /
2,4-Me„   0-19 3-G 328 7G 76/
5-Me “..................................  0-105 6-5 336 10 4
6-Me ..................................  0-10 6-8 330 8 5
7-Me ..................................  0-12 5-9 322 15 — o
8-Me ..................................  0-11 6-1 334 10 6
6-Cl ......................................  0-06 10-9 335 0 0
7-Cl ......................................  0-08 8-4 320 0 0
8-Cl ......................................  0-08 8-4 335 0 0
6,8-C U ..................................  0-07 9 -9 ' 338 0 0
5-OM e ..................................  0-095 7-5 365 12 5
6-OMe ..................................  0-12 5-5 354 15 6
7-OM e ..................................  0-19 3-6 332 78 78 /
8-OMe ..................................  0-09 7-9 355 0 0
Zero percentages indicate values less than  0-5%. " F irst-order rates determ ined a t 20° and pH
10-0. * E rror ± 0 -5  sec. '  K indly carried out by  Dr. D. D. Perrin .  ^ E rror ± 0 -8  sec. '  Allow­
ance was made for 3% of neutral species in the original acid solution. /  S tandard  percentages taken 
from rates.  ^ This com pound shows a broad band in the long-wave region b u t no d istinct m axim um .
obtained from the kinetic experiments. The spectra of the neutral molecules and cations 
of 5-, 6-, and 7-hydroxy quinazoline resemble closely those of the corresponding methoxy- 
quinazolines. If 7-hydroxyquinazoline cation is assumed to contain 78% of anhydrous 
species (as with 7-methoxyquinazoline) and is taken as standard for the hydroxy-series, 
then by using the extinction coefficients of the long-wavelength bands, the cations of
5-, 6-, 7-, and 8-hydroxyquinazoline contain respectively 6, 7, 78, and 2% of anhydrous 
material, and hence present a similar pattern to the methoxy-series.
It is interesting that a methoxy-, hydroxy-, or amino-group in the 7-position can render 
the cation almost as anhydrous as when a methyl substituent is in position 4.^ The 
effect of these powerful -\-M groups in the 7-position in repelling the attack of water 
molecules on is reminiscent of the effect of a ^-methoxy-, ^-hydroxy-, and ^-amino-
H
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group in hindering the addition of the cyanide anion to benzaldehyde.^ Both equilibria 
involve a nucleophilic attack on a polarised double bond. However, the unreactive 
contributor of the resonance hybrid (IV) of ^-methoxybenzaldehyde has no exact parallel 
in the conventional cation of 7-methoxyquinazoline (Va; R =  OMe) which bears a full 
positive charge in a position corresponding to that where (IV) bears a fractional negative 
charge. This difficulty disappears if the cation of 7-methoxyquinazoline is considered 
as a resonance hybrid in which an important contribution is made by a form (Vb or VIb ; 
R =  OMe) with a full positive charge on the 7-substituent. That (Vb or VIb; R =  NHj 
appHes for the cation of 7-aminoquinazoline follows from the acceptance of this hybridiz­
ation for 7-aminoquinoline.® Cationic hybridization of this type does not occur when 
ori(/zo-quinonoid forms are involved,® which agrees with the lack of dehydrating influence 
of -fM  groups in the 5-position of quinazoline cations. The 5-isomers are also com­
plicated by proximity effects, and in the 6- and 8-isomers the -f-M effects, as in the 
cyanohydrin equilibrium, are absent, leaving only the —1 effects, making the situation 
closer to that found in the Bz-chloro-substituted quinazolines.
The correlations between the rates (first order) or half-lives (cf. Table 2) of dehydration
of the hydrated neutral quinazolines and the percentage of anhydrous species in the 
cation mixture are in good agreement with one another. This is in accord with the 
prediction that a higher percentage of anhydrous cation indicates a lower stability of 
hydrated species and thus easier dehydration.
Ionization Constants.—The basic strengths of the various quinazolines were measured 
and are set out in Table 1. No hysteresis was observed during the determination of all 
the ionization constants, indicating that aH the equilibria were rapidly established. In 
the titrations, hydrated and anhydrous species are involved and the overall equilibrium 
constant can be expressed (see also ref. 7) as:
K  m -  [H-1([X] +  [Y]) ,
[HX+] +  [HY+]’
where is the overall equilibrium constant, [X] the concentration of anhydrous neutral 
molecule, [Y] the concentration of hydrated neutral molecule, [HX'*'] the concentration 
of anhydrous cation, and [HY^] the concentration of hydrated cation. As [Y] [X]
the relation (i) becomes
d- [HYT+]); (ii)
and if [HY^]/[HX ‘] =  r (the ratio of hydrated to anhydrous species in the cation), then 
we have
pA'a^ q =  pAT* +  log (1 -f r), (hi)
where pAj* is the constant for the equilibrium [HX+] [H"^ ] +  [X] involving the two
anhydrous species. By applying equation (iii) to 4-methylquinazoline which has pA^®^* 
2-52,® it is found that its pA.^ * is 2 43, so that the presence of 19% of hydrated species in 
the cation makes a difference of 0 09 pA unit. If the percentage of the hydrated cation 
is very small, then pAa®^  =  pAT*.
The pAa®^  values of the four Az-chloroquinazolines are higher than those of the corre­
sponding methylquinazolines because the chloro-compounds form predominantly hydrated 
cations, whereas the cations of the methyl compounds have up to 15% of the anhydrous 
form. Thus even if the chloro-bases are assumed to form cations containing as much as 
1% of anhydrous species, the calculated pAa* values would be smaller than those calculated 
for the methyl bases. The position of the substituent does not have a large effect on the 
basic strengths in the two series, hence the inductive effect is mainly operating.
In the Az-methoxyquinazolines the inductive effect is not the only one operating 
(see p. ) and the large percentage of hydrated cation in 5- and 8-methoxyquinazoline 
is reflected in the higher basic strengths. The close similarity in the basic strengths of 
the 6- and 7-methoxyquinazoline appears to be coincidental. In the 7-isomer the -\-M 
effect predominates over the —I  effect, thus increasing the basic strength, but the 
resistance to hydration caused by this -\-M effect (see p. ) keeps the basic strength 
low. In 6-methoxyquinazoline the —I  effect is the main influence and it lowers the basic 
strength, but the resulting hydration tends to increase it.
^  o W  ^  o H ,)
( V l lb )  (VII c) O - H  (VIII)
Basic strengths of the Az-hydroxyquinazolines show the same behaviour as the methoxy- 
series and can be similarly explained. The acidic pA  ^values of the hydroxy quinazolines 
are readily explained by resonance in the anions. All the anions are anhydrous but only 
the 5- and the 7-isomer, which are the stronger acids, can be written in three resonating 
structure (e.g., Vila, b, c). Of the weaker acids, e.g., 6- and 8-hydroxyquinazoline, the
( Vi l a)
latter is weaker by 0-46 p/l^ unit, which could be attributed to the difficulty in removing 
the proton from the hydrogen-bonded structure (VIII).
T a b l e  3.
Extinction coefficients of the long-wavelength bands in aminoquinazolines (cf. ref. 2 ).
Quinazoline PAi (mp') £ " pH Quinazoline p/Qi n^mx. E" pH
5-Amino ... 372 2818 9 2 7-Amino ... 345 6310 9 2
3 57 462 525 2  0 4 60 373 11,480 2  0
6 -Amino ... 360 2630 70 8 -Amino ... 338 2884 7 0
3 29 260 9550 1-7 2  81 415 331 1 1
" Calculated from ref. 2.
The behaviour of tlie aminoquinazolines discussed by Osborn, Schofield, and Short “ 
can now be rationalised. The ratio of the extinction coefficients for the long-wavelength 
bands in the neutral molecules to those in their respective cations shows that, whereas
6-aminoquinazoline cation is mostly hydrated and 7-aminoquinazoline cation mostly 
anhydrous, 5- and 8-aminoquinazoline cations are mixtures containing a relatively small 
percentage (some 10%) of anhydrous species. Thus their cations followed the same 
pattern of hydration as the methoxy- and hydroxy-quinazolines, and hence the possibility 
of protonation on the exocyclic nitrogen atom need no longer be entertained. The high 
basic strength of 7-aminoquinazoline when compared with the 5-, 6-, and 8-isomers 
indicates the cationic resonances (Va -4 ^  b ; R =  NHg) or ( V i a b ;  R =  NH.,) 
depending on which ring nitrogen atom is protonated.
The rather high basic strengths of the nitroquinazolines (Table I) are not compatible 
with completely hydrated cations alone but suggest that the electron-attracting property 
of the nitro-group is large enough to cause hydration in the neutral species as well, although 
the spectral measurements do not reveal any hydration. The rapid-flow technique used 
above could not be applied here because of the complicated spectra. The ring-opened 
form (IX) is unlikely to be present in the neutral molecule because 
Q aldehydes having — /  substituents show enhanced activity towards
 ^ ^   ^ amino-groups. In pteridine, hydration across the 3,4-double bond
 ^ in the neutral species was demonstrated by a slow change in the spec- 
"  ^ trum of the neutral molecule in water.® As ring-nitrogen atoms can be
considered as effective as nitro-groups in their electron-attracting properties,^® the above 
hypothesis that the neutral molecules of the nitroquinazolines may be hydrated is, to some 
extent, justified. However, no change in the spectrum of an aqueous solution of 6- and
7-nitroquinazoline was observed in storage at pH 7T7 and I TO, indicating that if hydration 
does occur it must be very rapid (the crystalline nitro-compounds are anhydrous). That 
the nitroquinazoline cations contain at least some of the 3,4-hydrated species is indicated 
by their ready conversion into the 4-hydroxy-compounds on mild oxidation.
The 2- and the 4-substituted chloro-, methoxy-, and hydroxy-quinazolines present a 
different problem. 2- and 4-Chloroquinazoline are hydrolysed too readily in acid to give 
rehable information, but the initial spectra revealed that the anhydrous cation predominates. 
The 4-methoxyquinazoline cation is also hydrolysed rapidly. The 2-methoxyquinazoline 
cation, relatively more stable, shows a band at 337 m(r which is at longer wavelengths than 
the long-wavelength band in the neutral molecule, and the intensity of these two bands is 
of the same order. Thus the cation has a high proportion of anhydrous species, although 
some of the hydrated species must be present because the band at 293 m;r is rather more 
intense than would be expected for a completely anhydrous cation. By using the rapid- 
flow technique [X(anaiyticai) =  345 m;r] it was shown that 2-methoxyquinazoline cation 
contained 64% of the anhydrous species, so that the rather high intensity at 293 m(i. was 
of some significance. 2- and 4-Hydroxyquinazoline cannot be studied by the above 
techniques because of their tautomerism.
Materials.—Quinazolines are conveniently prepared by (i) the catalytic reduction of
4-chloroquinazolines ^ or (ii) Riedel’s synthesis (reduction with zinc and acid of 
bisformamido-o-nitrobenzaldehydes. The key intermediates for method (i) are the 
anthranilic acids, which are readily converted into 4-hydroxyquinazolines and then into 
4-chloroquinazolines, whereas the poor availability of the required o-nitrobenzaldehydes 
limits the application of method (ii). Hydrogenation of 4,6- and 4,8-dichloro- and 4,6,8- 
trichloro-quinazolines with palladium-charcoal, as described for quinazoline,^  ^ gave the 
corresponding 6- and 8-chloro- and 6,8-dichloro-quinazoline in good yields. Attempts 
to reduce 4,5- and 4,7-dichloroquinazoline by the same method gave a mixture of the 
starting materials and 5- and 7-chloroquinazoline, respectively, contaminated with the 
corresponding 3,4-dihydro- and 1,2,3,4-tetrahydro-quinazolines which were difficult to 
separate. Therefore a more satisfactory method was required which would also be 
applicable to the preparation of nitroquinazolines. By heating the iV'-toluene-j6-sulphonyl 
derivative of 4-hydrazino-6-methoxy-7-nitroquinazoline with potassium carbonate, 
Dewar obtained 6-methoxy-7-nitroquinazoline, but only in a poor yield; however, in 
view of the success of a modified version of this reaction in the acridine ser ies,th e  use of
NH-NH-SOz'CyHy
"’C O  ”  ^  'C O
this reaction (X —► XI) in the quinazoline series has been re-examined and conditions 
found that never failed to give good results. Thus, ten (cf. Table 4) of the 21 Bz- 
substituted quinazolines were obtained by this method. The intermediates were the 
respective anthranilic acids, mostly prepared by the Sandmeyer isatin synthesis followed 
by oxidation with alkaline hydrogen peroxide. The amino-acids were converted into the 
4-hydroxyquinazolines by von Niementowski’s method and chlorinated with phosphorus 
pentachloride in phosphorus oxychloride. With toluene-^-sulphonyl hydrazide the 
4-chloroquinazolines gave the corresponding 4-(A'-toluene-j()-sulphonyIhydrazino)quinazo­
line hydrochlorides in almost quantitative yields and the quinazolines were then obtained 
by decomposition with dilute alkali in ethylene glycol (with evolution of nitrogen and 
formation of toluene-^-sulphinic acid).
5-, 6-, and 8-Methoxy- and 5-hydroxy-quinazoline were prepared by the Riedel synthesis 
from the o-nitrobenzaldehydes, but 7-methoxyquinazoline required a fourteen-stage 
synthesis via 2-amino-4-methoxybenzoyl chloride and 4-hydroxy-7-methoxyquinazoline 
and starting from 2-nitro-^-toluidine. 6-, 7-, and 8-Hydroxyquinazoline were prepared 
by déméthylation of the corresponding methoxy-compounds. 6-Nitroquinazoline was 
the only material prepared by direct electrophilic substitution of quinazoline.^®
E x p e r i m e n t a l
Microanalyses were by Dr. J. E. Fildes and her staff.
The purity  of m aterials was examined by  paper chrom atography in two solvent systems 
after recrystallisation to constant m. p. before analysis and physical measurements. 3-, 4-, 5-, 
and 6 -M ethylanthranilic acid,^® 4-hydroxy-5-, C-, 7-, and 8 -methylquinazoline,^® 4- and 6 - 
chloroisatin,-® 7-chloroisatin,^^ 5-, 6 -, and 8-chloro-4-hydroxyquinazoline,^® 7-chloro-4-hydroxy- 
quinazoline,22 4,6-dichloroquinazoline,-® 4,6 ,8 -trich loroquinazoline,4-m ethoxyquinazoline, 
2-hydroxy-6-nitrobenzaldehyde,^® 5-hydroxy-2-nitrobenzaldehyde,“^  4-amino- and 4-hydroxy- 
nitrobenzoic acid,^" 4-chloro-7-methoxyquinazoline,®® 8 -methoxy- and 8 -hydroxy-quinazo- 
line,®  ^ 3-nitrophthalimide,®® 6 -,®® 4-,®* and 3-nitroanthranilic acid,®® 4-chloro-o- ® and 4-chloro-7- 
nitroquinazoline,^® 6 -nitroquinazoline, 4-chloro-8-nitroquinazoline,^® and toluene-^-sulphonyl- 
hydrazide were prepared as described in the literature.
M éthylation of 2 - and 3-hydroxy-O-nitrobenzaldehyde and of 4-hydroxy-2-nitrobenzoic 
acid w ith dim ethyl sulphate was achieved in 90, 07, and 80% yield, respectively, by using the 
method described for m éthylation of Mz-hydroxybenzaldehyde.
The following typical preparations were used for new substances;
(A) A-Chloroquinazolines. Dry 4-hydroxyquinazoline (01 mole) and phosphorus pen ta­
chloride ( 0  1 mole) in phosphorus oxychloride ( 1 0 0  ml.) were refluxed with stirring until the 
hydroxy-compound dissolved (^—3 hr.). Boiling was continued for a further 30 min. The 
phosphorus oxychloride was removed in a vacuum and the residue kept in a vacuum desiccator 
(KOH) overnight. The solid was shaken in chloroform (100 ml.) w ith saturated  aqueous 
sodium carbonate until the supernatant liquid was neutral to litmus. The lower layer was dried 
(Na^SOJ and evaporated to  dryness in a vacuum  a t room tem perature. The crystalline residue 
was passed in benzene (150 ml.) through alumina (5" X l ' ' ;  B.D.H.) and charcoal (2" +  1";
B.D.H.) and eluted w ith benzene. The eluates, on evaporation in a vacuum a t 40°, gave a 
solid which was recrystallised. The yields of 4-chloroquinazolines were 40—90%.
(B) Quinazolines by reductioyi of ^-chloroqninazolines. The chloroquinazoline (10 mmoles) 
in anhydrous benzene (75 ml.), and anhydrous sodium acetate (15 mmole) in methanol (30 ml.), 
were added to  a hydrogenated suspension of 5% palladium -charcoal (15 g.) in anhydrous 
benzene (25 ml.). The m ixture was shaken with hydrogen a t room tem perature and 
atmospheric pressure, and reduction was stopped after absorption of 1 0  mmoles of hydrogen. 
The catalyst was filtered off and the filtrate evaporated a t 40°/15 mm. The residue was 
strongly basified with aqueous ammonia (15 m l.; d 0-880) and extracted with benzene (4 x  25 
ml.), the extract was dried (Na^SOJ, and the solvent removed a t 20°/15 mm. The solid 
residue recrystallised from light petroleum and sublimed a t 0-2 mm. The yields of quinazolines 
were 40— 70%.
(C) Quinazolines by alkaline decomposition o f 4:-{f>i'-toluene-'g-siilphonylhydrazino)quinazoline 
hydrochlorides. The 4-chloroquinazoline (1  mol.) dissolved in the least volume of cold chloro­
form was treated  w ith a solution of toluenc-^-sulphonylhydrazide (1 mol.) in the least volume 
of cold chloroform. Separation of the 4-(A'-toluene-^-sulphonylhydrazino)quinazoline hydro­
chlorides usually began after 1 hr. a t room tem perature, bu t if no solid separated dry  hydrogen 
chloride was bubbled through the solution for a few minutes. In  all cases the m ixture was 
left a t room tem perature overnight. When no solid separated, the whole solution was 
evaporated to dryness in a vacuum desiccator (KOH) until free from hydrogen chloride. The 
yield of solid obtained was almost quantitative. All the hydrochlorides melted w ith decom­
position over a range and were used w ithout further purification.
The hydrochloride (5 mmoles) was heated w ith alkali (see Table 4) in w ater (30 ml.) and 
ethylene glycol (70 ml.), w ith occasional shaking, on a steam  bath  until it  had dissolved and 
nitrogen evolution ceased (1— 2 hr.). The solution was cooled, diluted w ith w ater (100 ml.), 
and extracted w ith ether (6 X 75 ml.). The extract was dried (Na^SOJ and the solvent 
distilled off. The pasty  residue was passed in benzene through alumina (5" x  T '; B.D.H.) 
and eluted with benzene. The fractions which gave an oily residue, on evaporation in a vacuum, 
were cooled, and those which solidified were combined, sublimed a t 0 - 2  mm., and recrystallised. 
The yields of quinazolines calculated on the chloro-compound were 15— 67% (cf. Table 4).
T a b l e  4 .
Quinazolines prepared from 4-(A*'-toluene-^-sulphonylhydrazino) quinazoline
hydrochloride derivatives.
Quinazoline Quinazoline
Deriv. yield (%) Conditions Deriv. yield (%) Conditions
5-Cl ....................  60 O -oN -N aO H  100°/2 h r . 7 -O M e ...  65 0 -5N -N aO H  100°/1 h r.
7-Cl   30 l-O x -N a O H  100°/2 h r.
5 -N O , . ..  25 0-125N -N a,C O 3 1 0 0 7 2  h r.
5-M e ...............  63 0 -5N -N aO H  1 0 0 7 2  h r . 7 -N O , . ..  30 0-125N-Na2COa IOO7 2  h r.
6-Me ............  62 O-oN-NaOH 1 0 0 7 1  hr. 8-NOÔ ... 15 0-125N-Na,CO3 10072 hr.
7-M e ...............  67 0 -5 x -N a O H  IOO7 1  h r.
8-M e ...............  62 0 -5N -N aO H  100°/1 h r.
(D) Quinazolines by Riedel's synthesis, (i) Bisformamido-o-nitrobenzaldehydes. A 
vigorous stream  of dry hydrogen chloride was passed through a suspension of the m ethoxy- or 
hydroxy-o-nitrobenzaldehyde (3-0 g.) in formamide (7-5 ml.). The tem perature rose to 1 1 0 ° 
and the solid dissolved. The m ixture was then cooled to 80—90° and after 5 min. the bis- 
formamido-compound separated bu t hydrogen chloride was bubbled through for a further 
10 min. to ensure saturation and the m ixture was left a t room tem perature overnight. The 
m ixture was tritu ra ted  w ith ether to remove unchanged starting m aterial and then washed
with cold water, filtered, crystallised, and dried a t 100°. The yield of bisformamido-methoxy- 
or -hydroxy-o-nitrobenzaldehyde was 90% or more.
(ii) Quinazoline. Crushed ice (55 g.) was added to  a m ixture of thoroughly ground 
bisform am ido-hydroxy- or -methoxy-o-nitrobenzaldehyde (3 4 g.) and zinc dust (10 6  g.). 
This stirred suspension was trea ted  dropwise w ith glacial acetic acid (14-2 ml.) during 5 min. 
and the suspension stirred for a further hour during which small portions of zinc dust (4-3 g. 
in all) were added and stirring was continued a t room tem perature for 3 hr. The zinc dust was 
filtered off and washed w ith 5% acetic acid, and the filtrates were combined and treated , w ith 
cooling, w ith sodium hydroxide (34 g.). The alkaline solution was extracted w ith ether ( 6  X 75 
ml.), and the extracts were dried (Na^SOJ and evaporated. The residue was sublimed a t 
0-2 mm. and recrystallised. The yields of m ethoxy quinazolines were 70— 100%. The 
working-up w ith the hydroxy-compounds was more complicated: th is was done by adjusting 
the pH  to 5— 6 , 6 — 7, and 7— 8  and extracting these solutions w ith ether ( 6  X 75 ml.) in each 
case; the yields of hydroxyquinazolines were always low (20— 50%).
(E) Hydroxyquinazolines hy déméthylation o f methoxy quinazolines. The m ethoxyquinazo­
line (1-0 g.) and anhydrous alum inium  chloride (3-0 g.) were ground together and heated in a 
steam  bath  for 10 min., then  a t 135— 140° for 3 hr. The resulting paste was cooled and treated  
w ith w ater (4 ml.), the pH  adjusted to 4— 5, and the whole extracted  w ith ether (10 X 25 ml.). 
The extracts were dried (Na^SO^) and the residue obtained from it was recrystallised. The 
yields of hydroxyquinazolines were 42— 50%.
Table 5 records the products.
T able 5.
Cry St. Found (%) Required (%)
Compound Prep." from * M. p. C H N C H N
4.8-Dichloroquinazoline ........... A ]M 175—176° 48-5 1-9 14-0 48-3 2-0 14-1
4 .6 .8 -Trichloroquinazolin e   A O 139—140^ 41-25 1-3 12-1 41-1 1 3  12-0
4-Chloro-5-methylquinazoline A IM 104-5—105-5 60-3 3-7 15-4 60-4 3-95 15-7
4 -Chloro-6 -methyIquinazoline A N 105—106 60-7 3-9 15-6 60-4 3-95 15-7
4-Chloro-7-methyIquinazoIine A ÎM 88—89 60-7 3-7 15-6 60-4 3-95 15-7
4 -Chloro-8 -methylquinazoline A N 129— 130 60-6 4-0 15-6 60-4 3-95 15-7
Bisformamido-2 -hydroxy-6 -
nitrobenzaldehyde ............... D(i) H ,0  207—208  ^ 45-1 3-9 17-5 45-2 3-8 17-6
Bisformamido-2-methoxy-6-
nitrobenzaldehyde ............... D(i) EtOH 233—235* 47-1 4-4 16-8 47-4 4-4 16-6
Bisformamido-5-methoxv-2-
nitrobenzaldehyde  .........  D(i) H„0 202—203 47-2 4-5 16-9 47-4 4-4 16-6
5 -Chloroquinazoline ............... C M 87-5—88 58-4 3-0 16-8 58-4 3-1 17-0
7-Chloroquinazoline ............... C M 93—94 58-1 3-0 16-8 58-4 3-1 17-0
8 -Chloroquinazoline ............... B M 119—120 58-6 3-0 16-9 58-4 3-1 17-0
6 .8 -Dichloroquinazoline ........... B P 165—166 48-2 2-0 13-9 48-3 2-0 14-1
5-Methylquinazoline ............... C M 58—59 74-9 5-5 19-3 75-0 5-6 19-4
6 -Methylquinazoline ............... C M 62—63 75-4 5-7 19-2 75-0 5-6 19-4
7-MethyIquinazoline ............... C M 65—66 74-9 5-7 19-1 75-0 5-6 19-4
8 -Methylquinazolin e ............... C M 47—48 74-7 5-7 19-3 75-0 5-6 19-4
5-Methoxyquinazoline ........... D(ii) N 84—85 67-5 5-1 17-3 67-5 5-0 17-5
6 -Methoxyquinazoline ........... D(ii) N 71—72 67*55 4-9 17*3 67-5 5-0 17-5
7-Methoxyquinazoline ........... D(ii) M 87 67-2 4-9 17-3 67-5 5-0 17-5
5 -Hydroxyquinazoline   D(ii) EtOH 229— 230 '  65-45 4-1 19-1 65-75 4-1 19-2
7-Hydroxyquinazoline   E H ,0  251—252 * 65-5 4-0 19-0 65-75 4-1 19-2
5-Nitroquinazoline   C EtOH 107—108 54-7 2-9 23-9 54 9 2-9 24-0
7-Nitroquinazoline ................... C EtOH 156—157 54-5 2-7 24-1 54-9 2-9 24-0
8 -Nitroquinazoline ................... C EtOH 153—154 54-9 3-0 23-6 54-9 2-9 24-0
“ Methods described in the text. ® M =  light petroleum (b. p. 40—60°). N =  light" petroleum 
(b. p. 60—80°). O =  light petroleum (b. p. 80—100°). P =  benzene-light petroleum (b. p. 40— 
60°). * Sen and Singh give 236—237°. Hygroscopic, sampled in a dry box. * Decomp.
Kinetic Measurements.—All runs were carried out under the same conditions and a t  2 0 ° . 
The quinazoline solutions were prepared by dissolving 2 0  mg. of solid in 0- iN-hydrochloric 
acid (50 ml.). The acid solution was rapidly mixed w ith an equal volume of a bufier (sodium 
carbonate-sodium  hydrogen carbonate) containing an equivalent q uan tity  of 0-lN-sodium 
hydroxide to  give a final solution of pH  10-0. This was done in a special mixing chamber ® 
(kindly provided by Dr. D. D. Perrin) before running the solution into the spectrophotom eter 
cell (1 cm.) situated  directly below it. The flow was then  suddenly stopped and the change of
optical density from the spectrophotom eter (Perkin-Elm er Spectracord-model 4000A) w ith time 
was traced on a Recti-riter (Texas Instrum ents Incorporated). The initial rapid rise of the 
optical density (see Fig. 2) represents the displacement of the buffer from the cell by the acid 
solution of the quinazoline and the neutralization process concurrently. The kink in the curve 
is due to  overshooting of the pen recorder.
The absorption was obser\’ed a t the longest possible wavelength to give a final optical 
density between 0 8  and 12. The rates were calculated from the tracings. The optical 
densities a t zero tim e (to) we obtained from extrapolations of the plots and hence the percentages 
of anhydrous cations from the extrapolations were derived.
I am grateful to  Professor A. Albert and Drs. D. D. Perrin and E. Spinner for valuable 
suggestions and discussions, to IMr. Y. Inoue for assistance in the rate measurements, and to 
Messrs. D. T. Light and H. Satrapa for spectra and ionization constants.
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529. Quinazolines. Fart 1,4- and l^,4t-Dihydroquinazoline.
By W. L. F. ARMAREGO.
Syntheses of 1,4-dihydro-1-methyl and 1-benzyl-1 ,4-dihydro-quinazoline 
arc described. Surprisingly, débenzylation of the latter gave 3,4-dihydro- 
quinazolinc. The dihydro-compound obtained by catalytic reduction of
2-methylquinazoline has been shown to be 3,4-dihydro-2-methylquinazoline.
I t  is identical with the supposedly isomeric bases prepared by Bischler and by 
Gabriel and Jansen.
DiHYDRoguiNAzoLiNE, obtained by the catalytic reduction of quinazoline,  ^ can be 
regarded as a cyclic formamidine which may be 3,4- (I) or J ,4-dihydroquinazoline (II). 
As with the dihydronaphthalenes,^ the 3,4-dihydroquinazoline seems to be more stable to 
])rototropic change than the 1,4-isomer because the dihydroquinazoline obtained by 
reducing quinazoline has now been shown by direct méthylation to be mainly, or maybe 
entirely, the 3,4-isomer. In order to make a more direct comparison, the synthesis of
1,4-dihydroquinazoline was attempted.
c C ; " " o C ;
(I) (V) ^
-N
(vn)
Although 3,4-dihydroquinazolines have long been known  ^and Carrington reported the 
synthesis of some 1,2-dihydroquinazolines in 1955,  ^ only two 1,4-dihydroquinazolines are 
claimed in the literature. These are l,4-dihydro-2-methyl- and 2,4-dimethyl-quinazoline 
which Bischler  ^ prepared by cyclisation of the acetyl derivatives (III; R =  H or Me). 
The constitution of this “ l,4-dihydro-2-methylquinazoline " was assigned (incorrectly as 
will be shown *) on the grounds that it appeared to differ from the dihydro-2-methyl- 
quinazoline prepared by Gabriel and Jansen ' by dehydration of the amide (IV). Gabriel 
and Jansen ® proved that their substance was the 3,4-dihydro-derivative since on 
méthylation it gave 3,4-dihydro-2,3-dimethylquinazoline identical with that prepared 
unambiguously. Ried and Stahlhofen  ^ also obtained what they claimed to be 3,4-di- 
hydro-2-methylquinazoline by catalytic reduction of “ 2-methyl-6,7-benzo-3,1,4-oxadi- 
azepine " (now known to be 2-methylquinazoline 3-oxide "^®) and, although this dihydro­
compound agreed in many respects with that of Gabriel and Jansen, its picrate melted 
17° higher.
These compounds were synthesised by us for comparison. For the Bischler synthesis 
o-acetamidobenzaldoxime was prepared more conveniently from o-nitrobenzaldehyde 
diacetate which was converted into o-nitrobenzaldoxime and then reduced catalytically to 
the amine which was acetylated. The o-acetamidobenzaldoxime was reduced and cyclised 
as before.  ^ In the Gabriel-Jansen synthesis [o-nitrobenzylamine — o-(acetamido- 
methyl)nitrobenzene —^  o-acetamidomethylaniline — >- 3,4-dihydro-2-methylquin- 
azoline] the nitro-compound was reduced catalytically instead of with zinc and acid. The 
two dihydro-bases had the same b. p. and ultraviolet spectra and gave the same hydro­
chloride (with very similar p/v  ^ values) and the same picrate. Both picrates were
* However, Beilstein’s “ Hanclbnch der Organischen Chcmie ” (1944, 23, pp. 155, 169) misquotes 
Bischler’s compounds as 3,4-dihydro-deri\'atives.
dimorphic and the lower-melting (189—190°) was formed directly from the hydrochloride 
or free base and was converted after several recrystallisations into the more stable, higher- 
melting form (203—204°). This rcmo\'es the only anomaly between the work of Gabriel 
and Jansen and that of Ried and Stahlhofen.
By comparison with quinazoline, 2-methylquinazoline should also be reduced to
3.4-dihydro-2-methylquinazoline. In the catalytic reductions we found that whereas 
quinazoline is hydrogenated to its dihydro-deri\'ati\ c with Adams platinum at atmospheric 
pressure, 2-methylquinazoline resisted reduction. This is probably due to poisoning of 
the platinum since 5% palladium-charcoal smoothly reduced 2-meth\’lquinazolinc to a 
dihydro-derivative, identical with that obtained by syntheses as abo\ e. The Rp values 
of the three bases when run together in two different solvent s\ stems were the same. 
These bases are thus all 3,4-dihydro-2-methylquinazoline. Further, the ultra\ iolet 
spectrum of the last sample resembles more closely that of 3,4-dihydroquijiazoline (and
3.4-dihydro-3-methylquinazoline) than that of 1,4-dihydro-l-methylquinazoline (cf. ref. 1).
The second " l,4-dih\ dro "-compound prepared by Bischler was undoubtedly 3,4-di-
hydro-2,4-dimethylquinazoline and thus no 1,4-dihydroquinazoline was known before the
1.4-dihydro-l-methylquinazoline  ^ which will now be described. A'-Methylanthranilic 
acid was converted, via the isatoic anhydride, into o-methylaminobenzamide which was 
reduced with lithium aluminium hydride to o-methylaminobenzylamine and this, after 
formylation, was cyclised to the base (V; R =  Me).
On the other hand, the base (V; R =  CHgPh) resisted catalytic hydrogenolysis with 
10% palladium charcoal (althougli débenzylation of tertiary benzylaminc is easy -^), and 
25% hydrobromic acid in glacial acetic acid opened the heterocyclic ring to gi\’e 2-(A*- 
benzylformamido)benzylamine; but débenzylation with sodium in liquid ammonia 
unexpectedly gave 3,4-dihydroquinazoline (in 70% yield). This reaction could be due to 
conversion of the anion (\T) into the anion (ATI) followed by addition of a proton on 
or, addition of a proton on followed by a prototropic change. The latter mechanism 
is less hkel}' in the circumstances, but whichever takes place the postulated higher 
stability of the 3,4-dihydro-isomer is confirmed.
E x p e r i m e n t a l
Paper Chromatography.—The ascending technique was used with W hatm an paper No. I 
and solvent system (.\) (8 % aqueous amonium chloride) or (B) (5N-acetic acid-butan-l-o l, 1 : 3). 
The radiation a t 254 mp from a mercury lamp with a “ Chance Brothers ” 0X7/19874 filter was 
used to detect the fiuorescent spots. Non-flu orescent spots were revealed by placing over 
the irradiated chromatogram a Perspex screen coated with a fine spray of cadmium borate 
suspended in chloroform. A pink background was obtained and the spots were deep blue. 
Ionisation constants were determined potentiom etrically in w ater a t 20°.^ =^
ZA-Pihydro-2-methylqitinazoline.— (a) By catalytic reduction. 2-MethyIquinazoline ( 2  0  g.) 
in ethanol (50 ml.) and 5% palladium -charcoal (TO g.) was shaken with hydrogen a t 713 mm. 
(absorption of 1 mol.). After filtration and evaporation the residue was distilled (b. p. 126— 
127°/0*9 mm .; 12  g., 60%); the distillate crystallised slowly. I t  had 220-5, 290 mp
(log z 4-13, 3-82 in aqueous buffer of pH  12 3) and 211, 215, 276 mp (log z 4-30, 4 31, and 3-74 
in aqueous buffer of pH  7-0) (Found: C, 73-4; H, 7-1. Calc, for CgHigNo: C, 73-9; H, 6 -9 % ), 
and Rp in (A) 0 75 and in (B) 0-53. I t  gave a hydrochloride, needles (from ethanol), m. p. 286— 
290° (decomp.), pA^ 10-17 ±  0-04 (m/200) (Found: C. 5 9 -2 ; H, 5 -9 ; N, 15 2; Cl, 19-4. Calc, 
for CgHioN2,HCl: C, 59-2; H, 6-0; N, 15-3; Cl, 19-5%), and a picrate, m. p. 189— 190°, needles 
from ethanol or w ater (Found: C, 48-1; H, 3-4; N, 18-8. Calc, for C15H 13N 5O7 : C, 48-0; 
H, 3-5; N, 18-7%). The higher-melting picrate had m. p. 203— 204° (rosettes from ethanol; 
lit.,» 204— 205°) (Found: C, 47-8; H, 3-4; N, 18-6%).
o-Nitrobenzaldoxinie.—o-Nitrobenzaldehyde diacetate (40 g.) in ethanol (200 ml.) was 
refluxed in aqueous hydroxylam ine hydrochloride (100 g. in 400 ml.) and 3N-sodium hydroxide 
(48 g.) for 1 hr. After cooling, the deposited oxime recrystalliscd from benzene (2 1 - 4  g., 82%) ; 
i t  had m. p. 100— 102° (lit.,^^ for (zw^Tisomer 102°) (Found: C, 50-7; H, 3-6; N, 16-6. Calc, for
C.HgN.Og: C, 50-6; H , 3-6; N. 16-9%).
o-Aminohenzalcloxime.—The above oxime (20 g.) and Adams platinum  oxide (320 mg.) in 
ethanol (220 ml.) was shaken with hydrogen a t 713 mm. (absorption 3 mol.). Removal of the 
catalyst and solvent gave the base which, recrystallised from benzene-light petroleum (b. p. 
40— 00°), had m. p. 134— 135° (lit.,i« 134— 135°) (14 8  g., 90%) (Found: C, 618; H, 5 95. 
Calc, for C^HgNgO: C, 61 75; H, 5-9%).
o-Formamidohenzaldehyde O-formyloxime.—o-Aminobenzaldchyde oxime (177 mg.) in an 
excess of acetic formic anhydride (TO ml.) was left a t room tem perature for 24 hr. Light 
petroleum (b. p. 40— 60°) was added and the diformyl derivative filtered off and crystallised 
from benzene-light petroleum (b. p. 40—60°) (174 mg., 70%), having m. p. 140-5— 141-5° 
(Found: C, 5 6 -3 ; H, 4-3; N, 14-3. CgHgNgOg requires C, 5 6 -2 5 ; H, 4-2 ; N, 14-6%).
o-Acetaniidobenzaldoxime.-—o-Aminobenzaldehyde oxime (5-4 g., 1 mol.), suspended in dry 
benzene (50 ml.), was treated witii acetic anhydride (4-2 ml., 1-1 mol.) and left a t room tem per­
ature for 24 hr. Excess of anhydride and benzene was removed in vacuo. The residue, 
crystallised from ethanol, had m. p. 194— 195° (lit.,® 194°) (5-4 g., 75%) (Found: C, 60-4; H,
5-8; N, 15-6. Calc. forCgH^gNgOg: C, 60-7; H, 5-7; N, 15-7% ).
'.\A-Pihydro-2-niethylquinazoline.— (b) By Bischler’s synthesis. The preceding oxime was 
reduced with sodium amalgam to the benzylamine and cyclised with anhydrous zinc chloride 
to the dihydroquinazoline according to Bischler’s method.® The benzylamine (2 g.) gave
1-06 g. (60%) of the dihydro-compound, b. p. 126°/0-8 mm., 113°/0-2 mm. (lit.,® 260— 
270°/l atm.). 'The ultraviolet spectrum a t pH 12-3 and 7-0 was identical w ith th a t given above 
and the in solvent (A) was 0-75 and in (B) 0-52. 4'he base gave a hydrochloride, m. p. 
285—290° (decomp.) (lit.,® no m. p.) with pA^ 10-13 T: 0 05 (m/200) (Found: C, 59-3; H, 6-2; 
N. 15-2; Cl, 19-5%). The picrate had m. p. 189— 190° (lit.,® 166— 167°) (Found: C, 47-8; 
11, 3-4%), and under conditions described above it also gave a picrate, m. p. 204— 205°.
(c) Gabriel and Jansen’s synthesis. o-Acetamidomethylnitrobenzene (5-55 g.) with 10% 
palladium-charcoal (TO g.) in ethanol (100 ml.) was hydrogenated a t 715 mm. The amino- 
compound, crystallised from benzene-light petroleum (b. p. 40—60°), had m. p. 112— 113° 
(lit.,-* 112-5— 113-5°) (4-2 g., 90%). This base (T75 g.) was dehydrated by heating a t 240° 
under nitrogen for 6  hr., and the dihydro-compound (1-39 g., 90%) was obtained according to 
Gabriel and Jansen's method.* I t  had b. p. 112— 113°/0-2—0-3 mm. (lit.,-* 300°/l atm.), Ap 
in solvent (A) 0-74 and in (B) 0-53. The ultraviolet spectrum was as above. The hydro­
chloride had m. p. 288— 290° (decomp.) (lit.,* 250°) and pK.^ 10-06 ±  0-05 (M/200) (Found: C, 
59-2; H, 6 -0 ; N. 15-3; Cl, 19-5%), and the picrate m. p. 189— 190° (lit.,* 180—200°, 185— 187°) 
(Found : C, 48-1 ; H, 3-4%). This picrate also was dimorphic.
\A-Rihydro-\-methylquinazoline.—o-Methylaminobenzamide (10 g., 1 mol.) in a Soxhlet 
apparatus was extracted by boiling ether into a stirred suspension of lithium aluminium hydride 
(6-1 g., 2-4 mol.) in anhydrous ether (450 ml.) during 6  hr., and the solution was then stirred a t 
room tem perature for 12 hr. Excess of the reducing agent was decomposed by water followed 
by 2N-sodium hydroxide (170 ml.). The aqueous layer extracted with ether (2 X 150 ml.). 
The combined ethereal solutions were dried (KOH) and evaporated. The residue was tritu rated  
with ether and filtered from unchanged amide (2-1 g.). The filtrate was evaporated to dryness, 
and the residue left in acetic formic anhydride (15 ml.) a t room tem perature for 48 hr. Excess 
of anhydride was removed in vacuo and the residue distilled. The distillate in ethanol (20 ml.) 
was treated  with an  excess of picric acid solution, and the picrate (3-4 g., 17%) isolated (needles 
from ethanol; m. p. 176— 177°) (Found: C, 48-0; H, 3-6; N, 18-6. C15H 13N5O7 requires C,
48-0; H, 3-5; N, 18-7%). The picrate (3-2 g.) was decomposed with 2 -5N-sodium hydroxide 
(150 ml.), and the base extracted with chloroform (3 X 25 ml.). The extract was dried 
(Na^SO^), the solvent removed in  vacuo, and the residue distilled (b. p. 90—91°/2-5 mm.). The 
methyl derivative (1-1 g., 91%), a pale yellow, very hygroscopic liquid, was sampled in a dry box 
(Found: C, 71-7; H, 6-9; N, 18-7. CgHioNo.H^O requires C, 71-7; H, 7-0; N. 18-6%).
'S-Benzylisatoic Anhydride.—A-Benzylanthranilic acid (34-1 g., 1 mol.) was refluxed with 
ethyl chloroformate (42-6 ml., 3 mol.) for 15 min. Acetyl chloride (11-5 ml., 1-1 mol.) was then 
added and the m ixture boiled for a further 30 min. On cooling, '^-benzylisatoic anhydride 
crystallised; it recrystallised from benzene-light petroleum (b. p. 40— 60°) as needles (29-5 g., 
78%), m. p. 140— 141° (Found: C, 70-9; H, 4-4; N, 5-4. CjsHnNOg requires C, 71-1; H , 4-4; 
N ,5 - 5 % ) .
o-Benzylaminobenzamide.—The above anhydride (12-6 g.) and ammonia (400 ml.; d 0-91) 
were heated on a steam-bath for 3 hr. with occasional shaking. The amide was filtered off and
recrystallised from m ethanol as needles (10-9 g., 96%), m. p. 171— 172° (Found: C, 74-1; H,
6-2; N, 12-2. requires C, 74-3; H, 6-2; N, 12-4%). 
o-Benzylaniinobenzylamine.—The amide (13-6 g., 1 mol.), in a Soxhlet apparatus, was
extracted as above into a suspension of lithium  aluminium hydride (10-5 g., 5 mol.) in anhydrous 
ether (600 ml.) during 10 hr. The m ixture was then stirred a t room tem perature for 20 hr. and 
worked up as above with 2-5N-sodium hydroxide (375 ml.). The unchanged amide (1-1 g.) was 
filtered off and the product was passed in benzene through alumina (B.D.H.; 6 " x  i" ) .
Elution w ith benzene gave o-henzylaminobenzylamine (7-8 g., 61%), needles [from benzene-light 
petroleum (b. p. 40—60°)], m. p. 50— 51°, sublimed a t 40— 50°/0-2 mm. (Found: C, 78-9; H,
7-7; N, 13 2. CjiHigN., requires C, 79-2; H, 7-6; N, 13-2%).
\-Benzyl-\,4:-dihydroqiiinazoline.—The preceding amine (3-5 g.) was refluxed in 98— 100%
formic acid (20 ml.) for f  hr. The excess of acid was remo\ ed in vacuo and the residue distilled 
(b. p. 160— 180°/0-6 mm.). The solid distillate of l-benzyl-XA-dihydroquinazoline recrystallised 
from light petroleum (b. p. 60— 80°) as needles (3-2 g., 87%), m. p. 1 0 1 — 102° (Found: C, 80-8; 
H, 6-3; N, 12-5. CiaH^No requires C, 81-05; H, 6-35; N, 12-6%). picrate, m. p. 199—
200°, crystallised from ethanol (Found: C, 55-65; H, 3-9; N, 15-7. C21H 17N 5O- requires
C, 55-9; H, 3-8; N, 15-5%).
This base (222 mg.) in glacial acetic acid (0-6 ml.) was left with a 50% w/v solution of hydro­
bromic acid in glacial acetic acid (0-6 ml.) a t 20— 25° for 2 hr. The product, 2-ÇA-benzyl- 
formaniido)benzylamine hydrobromide, recrystallised from methanol as needles (253 mg., 19%), 
m. p. 224— 225° (Found: Br, 25-0; N, 8-7. Ci5HigN2 0 ,H B r requires Br, 24-9; N, 8-7%).
Débenzylation of l-Benzyl-\,4,-dihydroquinazoline.—The dihydro-base (1-11 g., 1 mol.), 
suspended in liquid ammonia (120 ml.), was trea ted  w ith sodium (0-46 g., 4 atoni-equiv.). After 
15 min. the excess of sodium was removed by addition of ammonium chloride and the ammonia 
evaporated. The residue was extracted w ith dry benzene (100 ml.), and the solvent removed 
from the extract in  vacuo. The residue was distilled (b. p. 134— 136°/0-3—0-4 mm. ; 446 mg., 
69%), and had m. p. and mixed m. p. with 3,4-dihydroquinazoline 125— 126° (m. p. and mixed 
m. p. of the picrates 219— 220°) (Found: C, 72-7; H, 6 - 1  ; N, 20-9. Calc, for CgHgNg: C, 72-7; 
H, 6 -1 ; N, 21-2%), pA^ 9-21 ±  0 03 (m /2 0 0 ) ,  221-5, 290 m.o. (log e 4-09, 3 76 in aqueous
buffer of pH  12) (cf. ref. 1), and Ap values identical with those of 3,4-dihydroquinazoline in 
solvents (A) or (B).
Méthylation o f ^-Dihydroquinazoline.—The base (1-32 g.) in m ethanol (10 ml.) was left 
w ith m ethyl iodide (0-62 ml., 1 equiv.) a t room tem perature. After 48 hr., paper chrom ­
atography showed th a t the reaction was apparently complete and the solid hydriodide had 
crystallised. The m ixture was diluted w ith w ater and extracted w ith benzene. This extract 
consisted m ainly of the starting  m aterial, together w ith a small am ount of 3,4-dihydro-3- 
methylquinazoline as shown by paper chromatography. The aqueous layer was made alkaline 
and extracted w ith benzene. The extract was dried (KOH) and evaporated in vacuo. The 
residue solidified and was shown, chromatographically, to  consist mainly of 3,4-dihydro-3- 
methylquinazoline and a trace of the starting  material. No 1,4-dihydro-l-methylquinazoHne 
was detected. The m éthylation product, purified from benzene-light petroleum (b. p. 40— 
60°), had m. p. 89—91° (lit.,*» 90— 91°) (0-72 g., 49%). Its  picrate had m. p. 197— 199° (lit.,:» 
197— 199°).
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IMPROVED PREPARATION OF PHTHALAZINE AND
QUINAZOLINE
By W. L. F. ARMAREGO
A new synthesis of phthalazine has been effected by reduction of the commercially available 
1-hydrazinophthalazine hydrochloride. The preparation of quinazoline in three steps from anthranilic 
acid on a large laboratory scale is described. It is believed that these are the most convenient 
syntheses available for phthalazine and quinazoline.
In troduction
Phthalazine (I, R =  H) has been synthesised by condensation of o-phthalaldehyde with 
hydrazine*, by the reduction of 1-chlorophthalazine (I, R =  Cl) with hydriodic acid and red 
phosphorus», and by the catalytic reduction of 1-chlorophthalazine with 5% palladium charcoal’. 
Repetition of this catalytic reduction showed that hydrogen uptake had to be stopped after 
absorption of one molecule of hydrogen to avoid further reduction and that the difficult 
purification through the picrate or hydrochloride led to poor yields. A more satisfactory method 
has now been found in which, hydrazinophthalazine monohydrochloride (I, R =  NgH^Cl), which 
is the blood-pressure reducing drug, hydralazine, was heated with copper sulphate, a method
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similar to that used by Albert* for the preparation of naphthyridines. The phthalazine prepared 
in this way, and isolated in 60% yield directly from the reaction mixture, was chromato­
graphically pure, and one sublimation converted it to analytically pure material.
The two most convenient methods for the preparation of quinazoline (II, R =  H) are (i) 
zinc and acid reduction of bisformamido-o-nitrobenzaldehyde  ^ and (ii) catalytic reduction of 
4-chloroquinazoline (II, R — Cl).®>'^  The second method is preferable because the starting 
material is anthranilic acid, whereas the first requires the much more expensive o-nitrobenzalde- 
hyde. However, the second method has been little used because of difficulties (e.g., over­
reduction, poisoning of catalyst) which have been encountered with hydrogenation. These 
difficulties have now been overcome and a workable large scale laboratory preparation is 
described.
Anthranilic acid was converted to 4-hydroxyquinazoline (II, R =  OH) by the method of 
V. Niementowski® in high yield and on a suitable scale (500 g.). Chlorination of 4-hydroxy- 
quinazoline to 4-chloroquinazoline with phosphorus pentachloride in phosphorus oxychloride 
has been reported»**» to proceed in high yields. Considerable losses are incurred on working up, 
due to the formation of the diquinazolinyl compound (III) formed by reaction*» of 4-chloro­
quinazoline with 4-hydroxyquinazoline (newly formed by hydrolysis of the chloro compound) ; 
the hydrogen chloride thus liberated autocatalyses this reaction. By passing a benzene solution 
of the crude chloro-compound through an alumina column’ (which removes the hydroxy 
compound) the yields were improved to 74% (180-g. scale) and the chloroquinazoline no longer 
-formed the-diquinazoiittyReompouiid on xeciystailisationr Afthoughrthis product was pure, it 
invariably poisoned the catalyst used in the subsequent stage. This difficulty was overcome 
by passing the chloro compound, in benzene, through a charcoal column which adsorbed the 
troublesome impurity.
Several catalytic methods »*’*** have been described for the dechlorination of 4-chloro­
quinazoline to quinazoline. It is more convenient to reduce the chloro compound (with 5% 
palladium/charcoal) in benzene containing a methanolic solution of anhydrous sodium acetate 
(to lower acidity). The reduction was reproducible, gave a pure product, and could be carried 
out at atmospheric pressure of hydrogen and on a large laboratory scale.
Experimental
Phthalazine
A solution of 1-hydrazinophthalazine monohydrochloride (8*8 g.) containing kieselguhr 
(10 g.) in water (350 ml.) was made sHghtly alkaline (pH 8) and heated to boiling. To this was 
added a boiling solution of CuS0 4 ,5Hg0  (25 g.) in water (110 ml.). The mixture soon started to 
evolve nitrogen and began to froth. It was heated, with shaking, at its boiling point for 10 min., 
cooled to room temperature and made alkaline with 10 N-NaOH. The brown mixture was kept 
until nitrogen evolution ceased (20 min.) and was filtered through kieselguhr. The precipitate 
was extracted with boiling water (70 ml.) and the solution filtered. The combined filtrates were 
extracted with chloroform (5 X 100 ml.), the extract was dried over anhydrous sodium sulphate 
and the solvent removed in vacuo. The colourless residue (3*9 g., 60%) crystallised immediately 
and had m.p. 87—89° and gave a picrate m.p. 207—210°, neither m.p. depressed by authentic 
samples. On paper chromatography in 3% ammonium chloride and in n-butanol-5N-acetic 
acid (3 : 1) only one spot was demonstrable and it had an R-p identical with that of phthalazine 
run concurrently. One sublimation (80°/0-l mm.) gave an analytically pure sample, m.p. 
90—91°. (Found: 0,73-9; H,4-5; N,21-3. Calc, for CgHgNg : C, 73-8 ; H, 4-65 ; N,21-5%).
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A-Hydroxyquinazolinc
Anthranilic acid (548 g.) and redistilled formamide (268 ml.) were heated together in an 
open beaker in an oil bath at 125—130° for 4 h. The crystalline cake obtained was treated 
with a little ethanol, filtered and well drained. It was recrystallised from ethanol (4*5—5 1.) to 
give fine colourless needles (505 g., 8 6 %), m.p. 215—216°.
^-Chloroquinazoline
4-Hydroxyquinazoline (180 g.) and phosphorus pentachloride (338 g.) were stirred together 
and boiled under reflux in phosphorus oxychloride (1440 ml., redistilled). After 1^—2 h. the 
solution was clear and the phosphorus oxychloride was distilled off at 15 mm. pressure. The 
crystalline residue was dissolved in cold chloroform (1 |  1.) and poured on to crushed ice (3 kg.). 
The aqueous layer was carefully adjusted to pH 8  with aqueous ammonia (sp. gr. 0-91), the 
chloroform layer separated, and the aqueous solution extracted with chloroform (500 ml.). 
The chloroform extracts were combined, dried over sodium sulphate and the chloroform 
evaporated at 15 mm. pressure. The residue was then dissolved in benzene (1^-) and the solution 
purified first by passing through an alumina column (12 X H  in.) and then through a charcoal 
column (4 X l-i- in., B.D.H. for decolorising purposes) and eluted with benzene. On evaporation 
(at 15 mm.) of the eluates, a white crystalhne solid (150 g., 74%) was obtained, m.p. 97—98°. 
(Found: C, 58-6 ; H, 3-1 ; Cl, 21-55. Calc, for CgH^NgCl : C, 58-4 ; H, 3-1 ; Cl, 21-6%).
Quinazoline
4-Chloroquinazoline (100 g., 1 mol.) in dry benzene (450 ml.) was added to a hydrogenated 
suspension of 5% palladium/charcoal (10 g.) in benzene (50 ml.) followed by a solution of 
anhydrous sodium acetate (75 g., 1 -5 mol.) in methanol (200 ml.) and the mixture hydrogenated 
at 713 mm. pressure. The uptake was about 2 1. of hydrogen in 10 min. (the temperature 
remained below 40°). After absorption of 1 mol. of hydrogen, the catalyst was filtered 
off and the filtrate evaporated to dryness at 15 mm. pressure. The residue was basified 
^ r * I * n m i Q 0-91,  50 ml.) diluted with water (ICO ml.) and extracted 
with benzene (5 X 150 ml.). The extract was dried over sodium sulphate, the solvent distilled 
off and the residue distilled under reduced pressure, b.p. 120—121°/17—18 mm. The colourless 
distillate (52 g., 65%) readily crystallised, m.p. 48°, and was chromatographically pure in the 
solvent systems given above. (Found: C, 73-8 ; H, 4-4 ; N, 21-2. Calc, for CgHgNg : C, 73-8 ; 
H, 4-65 ; N, 21-5%).
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THE SYNTHESIS OF 5,7-DICHLOROCOI]MARAN-3-ONE AND
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By W. L. F. A b m a b e g o
TH E SYNTHESIS OF 5,7-DICHLOEOCOUMAEAN-3-ONE AND
EELATED PEOBLEMS
B y  W . L . F .  A r m a r e g o *
{^Manibscript received September 21, 1959]
Summary
5,7-Dichlorocoumaran-3-one has been prepared from m ethyl 2-hydroxy-3,5-dichloro- 
benzoate by a three stage synthesis.
I t  could not be prepared by (i) intramolecular cyclization of 2,4-dichIorophenoxy- 
acetic acid or 2,4-dichlorophenoxyacetyl chloride or (ii) by the reaction of (o-bromo-2- 
hy dr oxy - 3,5 - dichloroacetophenone with bases.
The reaction of 2,4-dichlorophenoxyacetic acid with phosphorus pentoxide in 
benzene gave 2,4-dichlorophenol, 2',4'-dichlorophenyl 2,4-dichlorophenoxyacetate, 
and diphenylmethane. By the use of ^^C-labelled acids the methylene carbon atom 
of the diphenylmethane was shown to be derived from the methylene carbon atom  of
2,4-dichlorophenoxyacetic acid. A possible mechanism is proposed for this reaction.
I .  I n t r o d u c t io n
Several reasons have been suggested for the plant growth activity of
2,4-dichlorophenoxyacetic acid. Detailed study of the biological activity of 
compounds related to this acid (Synerhohn and Zimmerman 1945, 1947 ; 
Thompson et al. 1946) have indicated th a t the essential features for the activity 
are : (i) a phenoxy group with an alkane carboxylic acid side chain with an 
even number of carbon atoms, (ii) a carbonyl or potential carbonyl group p- 
to the ethereal linkage, (iii) a t least one hydrogen on the carbon atom a- to the
Cl
OCHgCOgH
Cl
(11)(I)
ether link, and (iv) a t least one unsubstituted position ortho to the ethereal 
oxygen. The latter was deduced from the fact th a t 2,6-disubstituted phenoxy- 
acetic acids have negligible growth activity (Wain 1953). This led Ehodes and 
de Be Ashworth (1952) to postulate th a t 2,4-dichlorophenoxyacetic acid, for 
example, reacts to form the coumaranone (II) in the plant, and th a t the activity 
possibly depended on the tautomerism I I  #111. The present paper now describes 
the attem pts made to synthesize the coumaranone (II).
* Central Research Laboratories I.C.I.A.N.Z. Ltd., Ascot Vale, Melbourne ; present address: 
Chemistry Departm ent, University of Melbourne.
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II . K e s u l t s  a n d  D i s c u s s i o n  
In  the first attem pt, an intramolecular Friedel-Crafts reaction with 2,4- 
dichlorophenoxyacetyl chloride was studied. The acid chloride reacted vigorously 
with anhydrous aluminium chloride and, when the reaction was carried out a t 
low tem perature w ithout a solvent, a complex was formed which decomposed on 
warming to reform the acid chloride. On treatm ent with benzene the complex 
gave o)-2,4-dichlorophenoxyacetophenone. If on the other hand nitrobenzene 
was used as solvent 2',4'-dichlorophenyl 2,4-dichlorophenoxyacetate was isolated. 
In  both these reactions 2,4-dichlorophenol was also formed. A ttem pted 
cyclization of the acid chloride with stannic chloride or of the acid with poly- 
phosphoric acid or 10 per cent, fuming sulphuric acid was unsuccessful.
The second route attem pted for the preparation of 5,7-dichlorocoumaran- 
3-one was via co-bromo-2-hydroxy-3,5-dichloroacetophenone (VI). 2,4-Dichloro- 
phenol was acetylated and then made to undergo a Fries rearrangement (Sen 
and Bhargava 1949). The acetophenone (V) was acetylated and the resulting
Cl Cl
OAc OH
Cl COCH
(V)
OH
COCHgBrCl
(VI)(IV)
acetate brominated in carbon disulphide according to the method used by 
Duncanson et al. (1957) for preparing 2,6-diacetoxy-co-bromo-4-methoxyaceto- 
phenone. The bromo compound was deacetylated to o-brom o-2-hydroxy- 
3,5-dichloroacetophenone. As co-halo-o-hydroxyacetophenones are readily 
converted to coumaran-3-ones when reacted with bases in ethanol (e.g. Shriner, 
Matson, and Damschroda 1939 ; Shriner and W itte 1939 ; Duncanson et al. 
1957), this m ethod was tried using the bromo compound (VI). The red product, 
which was isolated, was very soluble in all common solvents except light petroleum 
bu t it could not be purified by crystallization and it decomposed on attem pted 
sublimation. I t  showed no characteristic bands in the ultraviolet spectrum and 
it gave bands a t 1235 cm~^ (possibly ethereal), 1650 cm“  ^ (carbonyl), and 
3400 cm -i (possibly hydroxyl) in the infra-red. This red m aterial was not 
investigated further as its properties differed from those expected for a coumaran- 
3-one.
Kalinowsky and Kalinowsky (1948) have made three unsuccessful attem pts 
to synthesize 5,7- dichlorocoumaran -3 - one. One of the methods was to react
2,4-dichlorophenoxyacetic acid with phosphorus pentoxide in anhydrous benzene 
and they isolated 2',4'-dichlorophenyl 2,4-dichlorophenoxyacetate as the sole 
product. Since several coumaran-3-ones have been prepared from phenoxy- 
acetic acids under these conditions (Stroemer and Bartsch 1900 ; Kalinowsky 
and Kalinowsky 1948) it was decided to investigate this reaction further with the 
dichloro acid using various reaction conditions in order to see if any 5,7-dichloro- 
coumaran-3-one could be obtained. The results of the abovementioned authors
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were confirmed and no coumaranone was formed, even under the widely different 
conditions used. I t  was found th a t in addition to the above ester, 2,4-dichloro­
phenol and a substance b.p. 74 °C/0-4m m  were always formed. The yield of 
this last product was the same when 2 mol of phosphorus pentoxide were used 
per mol of acid and the reaction time kept between 1 • 5-2 hr. I t  was identified as 
diphenylmethane by elemental analysis, the absence of a 0-methyl group, u ltra­
violet spectrum in comparison with an authentic specimen, oxidation to 
benzophenone, and characterization of the latter as its phenylhydrazone.
Since 2,4-dichlorophenoxyacetic acid is the source of this hydrocarbon then 
the phenyl groups m ust have originated from the solvent and the methylene 
carbon atom  from the acid. The methylene carbon atom  of the acid was the 
most likely source of the methylene carbon atom  in the diphenylmethane. The 
reaction of (2,4-dichlorophenoxy)acetic l-^^O acid and (2,4-dichlorophenoxy)acetic 
2-1^0 acid with phosphorus pentoxide in benzene was independently studied. 
I t  was found th a t the diphenylmethane isolated from the reaction with the acid 
labelled on the carboxyl group had no trace of radioactivity, whereas the 
diphenylmethane isolated from the reaction using the acid labelled on the 
methylene carbon atom possessed 25 per cent, of the radioactivity of the acid.
The mechanism probably involves the formation of formaldehyde (or its 
equivalent) which then reacts with the solvent. This is shown in the following 
scheme :
Cl Cl
C l / V /
OCH2C02H
H© +
©
CHgCOgH
( 1)
Cl
0CH2CO2H OCH2C02
+  HgO
  (2 )
^[CHaCOaH]------------ ^ (CH20)„+»C0+«H+,   (3)
♦  *
+ OH
CH2CO2H+H2O-----  ^I
CH2-C O 2H + H + ..................  (4)
OH
«CH2-C O 2H -----------^ {OH20)„+»CO+»H20 ............ (5)
*  *
(On20),-f-2%PhH-----^ ^ PhC H gPh+Æ gO  ................  (6)
*  *
Scheme for the mechanism of the reaction of (2,4-dichlorophenoxy)acetic 2-^ ^C 
acid with phosphorus pentoxide in benzene.
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The first two steps are straightforward. The carhonium ion formed in 
relation ( 1 ) decomposes to give formaldehyde or its polymer according to 
reaction (3) or alternatively it could react as in (4) and (5) through the in ter­
mediate glycollic acid also to give formaldehyde or its equivalent. That glycollic 
acid or formaldehyde are possible intermediates in the mechanism was shown by 
the isolation of diphenyl m ethane from the reactions of either glycollic acid or 
formaldehyde with benzene in the presence of phosphorus pentoxide. Tlie 
formaldehyde then reacts w ith the solvent to form diphenyl m ethane as in (6). 
Only 58 per cent, of the radioactivity in the reaction of the acid labelled on 
the methylene carbon atom  could be accounted for and, since 2,4-dichlorophenol 
was isolated, then the radioactivity unaccounted for m ust have been lost as 
formaldehyde. In  the reaction with the carboxyl labelled acid only 33 per cent, 
of the radioactivity was accounted for, hence the rest of the radioactivity m ust 
have been lost as radioactive carbon monoxide.
Cl . Cl
.OCHgCOgEt
COzMe Cl
(IX)
C02Me
(VII) (VIII)
5,7 -Dichlorocoumaran-3 - one was finally synthesized by an unambiguous 
m ethod starting from salicyhc acid which was first chlorinated to 2-hydroxy- 
3,5-dichlorobenzoic acid (Earle and Jackson 1906). This was converted to the 
acid chloride in high yield, using thionyl chloride, and then esterified. The 
m ethyl ester (VII) was condensed with ethyl bromoacetate in acetone to give 
ethyl 2,4-dichloro-6-methoxycarbonylphenoxyacetate (VIII). Intram olecular 
cyclization of this ester in benzene over sodium gave ethoxycarbonyl 5,7-dichloro- 
coumaran-3-one (IX). Em m ott and Livingstone (1958) have shown th a t the 
hydrolysis and decarboxylation of 4-oxo-5-ethoxycarbonylnaphtho(2',3',2,3-)- 
furan was best achieved by heating a solution of the ester in alcohol with 30 per 
cent, sodium hydroxide for not more than  0-5 hr. By using this method, 
5,7-dichlorocoumaran-3-one (III) was obtained in 83 per cent, yield from IX . 
I t  was pale yellow when pm ’e and a solution in ethanol, when allowed to stand a t 
room tem perature for a day, tmmed deep red. Evaporation of the alcoholic 
solution gave a red sohd which did not appear to be different from the red solid 
obtained from compound VI. The coumaranone displayed keto-enol tautomerism 
as shown by (i) violet colouration produced with ferric chloride, (ii) formation 
of a 2,4-dinitrophenylhydrazone, and (iii) an acetyl derivative.
I I I . E x p e r im e n t a l
All melting points are imcorrected. Light petroleum (b.p. 40-60 °C) was used. W hatm an 
No. 1 chromatographic paper was used.
(a) Friedel-Crafts Reaction on 2,4-Dichlorophenoxyacetyl Chloride.— (i) In  Benzene. When 
the acid chloride (redistilled b.p. 120 ®C/2- 0 mm, 12- 0 g) was cooled to —50 °G in an ethanol/soIid 
carbon dioxide bath , and powdered anhydrous aluminium chloride (7-3g, 50% excess) was
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added, w ith thorough stirring, the m ixture turned to a deep red paste. The bath  tem perature 
was kept between —50 and —30 °C. Anhydrous benzene (25 ml) was added and the tem per­
ature was kept as low as possible. After standing a t 0 °C for 0 5 hr the m ixture was allowed to 
warm to room tem perature and then refluxed for 0 5 hr. The solution was poured into ice-cold 
water, extracted with ether, and the ethereal layer was washed and dried (Na^SO^). The solvent 
was distilled.off and the oily residue distilled imder reduced pressure. The flrst fraction contained
2,4-dichlorophenol and the second fraction (b.p. 250-254 °C/18 mm) crystallized on cooling. 
Cù-2,4-Dichlorophenoxyacetophenone crystallized from dilute methanol in colourless needles, 
m.p. 73 5-74 5 °C. Yield (2-8g) 20% (Found: C, 60 1 ; H , 3 7 ; O, 11-5%. Calc, for 
C14H 10O2CI2 : C, 59-8 ; H , 3 6 ; O, 11-4%).
(ii) In  Nitrobenzene. The acid chloride (10-3 g) in redistilled nitrobenzene (20 ml) was 
treated  with anhydrous aluminium chloride (6-5 g; 20% excess). Vigorous evolution of hydrogen 
chloride took place and the mixture was allowed to stand a t room tem perature for 18 hr. The 
solution was poured into ice-cold n  hydrochloric acid ( 2 0 0  ml) and then steam distilled to remove 
the nitrobenzene. Some 2,4-dichlorophenol could be detected in the distillate. The pasty  
residue was extracted with ether, washed, and dried (CaClg). After removal of the solvent the 
residual oil was distilled. The fraction, b.p. 216 °C/0-7 mm, crystallized on standing. Yield 
(2-4 g) 31%. I t  crystallized in colourless needles, m.p. 112-113 ®C (lit. 112-113 °C) (methanol 
or ethanol) ; m.p. and mixed m.p. with an authentic specimen of 2',4'-dichlorophenyl 2,4-dichloro­
phenoxyacetate, 112-113 °C (methanol) (Found: 0, 46-1 ; H , 2 -6 ; Cl, 38-5% . Calc, for 
C14H 8O3CI4 : C, 45-9 ; H, 2-2 ; Cl, 38-8%).
(6 ) cù-Bromo-2-hydro.vy-3,5-dichloroacetophenoîie.—2-Acetoxy-3,5-dichloroacetophenone (20 g, 
in 94% yield from 2-hydroxy- 3,5-dichloroacetophenone with acetic anhydride-perchloric acid) 
was dissolved in carbon disulphide ( 1 0 0  ml) and stirred. A solution of bromine (6-0 ml; 40% 
excess) in carbon disulphide (75 ml) was added a t such a ra te th a t the solution was decolorized 
before the addition of more bromine solution (1-5 hr). After standing (2 hr) the solvent was 
evaporated under reduced pressure and the residue solidified to a crystalline mass. cù-Bromo-2- 
acetoxy-3,5-dichloroacetophenone crystallized in pale yellow needles (light petroleum), m.p. 57-58 °C. 
Yield (20 g) 77% (Found : O, 14-6%. Calc, for CioH^OsClgBr : O, 14-7%).
Aqueous hydrobromic acid (100 ml ; 48%) was added to a boiling solution of the above bromo­
acetate (14 g) in ethanol (240 ml) and the m ixture boiled for 1 min and then diluted with hot w ater 
(100 ml). The solution was refluxed for another 20 min, diluted further with cold water (100 ml), 
and evaporated a t room tem perature. After the alcohol was removed, the oily layer solidified.. 
The a-bromo-2-hydroxy-3,5-dichloroacetophenone was filtered off and crystalHzed, yellow needles 
(light petroleum), m.p. 102-103 °C (F o im d.- C, 34-1 ; H, 2-0 ; O, 11-4%, Calc, for 
CsHsOaClaBr: C, 33-9 ; H, 1 -8 ; O, 11-3%).
(c) Attempted Preparation of 5,7-Dichlorocoumaran-3-one.— co Bromo - 2 -hydroxy- 3,5 - dichloro - 
acetophenone (7-7 g) was dissolved in ethanol (300 ml) and refluxed (1 hr) with a solution o f 
sodium acetate triliydrate (7 - 7 g) in ethanol (300 ml). After warmmg for a few minutes, the  
colour of the solution was deep red. Evaporation to dryness gave a deep red solid which was 
dissolved in ether and washed thoroughly with water. The colour could not be extracted with 
acid bu t could be slowly extracted with dilute bases (NaOH, NaHCOg). The ethereal layer was 
dried (Nag8 0 4 ) and evaporated to dryness (yield 4- 9 g). This substance was soluble in all common 
organic solvents and could not be crystallized. I t  was strongly adsorbed on ahunina and moved 
as a single red band on a cellulose column when eluted with n-butanol : acetic acid : water system 
( 4 :1 :5 ) .  After two precipitations from benzene with light petroleum it had m.p. 155-170 °C 
(decomp.) (Found : C, 47 -5 ; H, 2 -0 ; O, 15-0%. Calc, for CgH4 0 gCl2(5 ,7 -dichlorocoumaran-
3-one) : C, 47-3 ; H, 2 -0 ; O, 15-8%).
(d) Methyl 2-Hydroxy-3,5-dichlorobenzoate.—2-Hydroxy-3,5-dichlorobenzoic acid (49 g) was 
treated with excess thionyl chloride (50 ml) and boiled under reflux for 1 - 5 hr. Excess thionyl 
chloride was distilled off and the residual pale yellow crystalline solid dissolved in benzene ( 1 2 0  ml, 
Na dried) and carefully treated with methanol (150 ml). The solution was refluxed (0-5 hr) 
and cooled. The solid was isolated and crystallized as colourless needles from benzene/light 
petroleum, m.p. 148-149 °C (lit. 147 °C). Yield (40 g) 77% (Found : C, 43-1 ; H. 2-8% . Calc, 
for CgHgOgClg : 0, 43-5 ; H, 2-7%).
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{e) Ethyl 2,4-Dichloro-6-methoxycarbonylphenoxyacetate.—The above ester (22-1 g) was 
dissolved in the smallest volume of dry acetone ( 2 0 0  ml), and refluxed for 6  hr with ethyl bromo­
acetate (12 1 ml ; 10% excess) and anhydrous potassium carbonate (50 g). The acetone solution 
was filtered from the inorganic salts and the acetone distilled off. The residue was dissolved in 
ether, extracted w ith 1 0 % sodium hydroxide then water, and diied (CaClg). The ether was 
distilled off and the ester crystallized in needles)(light petroleum), m.p. 63-64 ®C. Yield (23 9 g) 
78% (Foim d: C, 4 7 -0 ; H , 4 0 ;  Cl, 23-1% . Calc, for C10H 10O 5CI0 : C, 46 9 ; H, 3 9 ; Cl, 
23 1%).
(/)  2-Ethoxycarbonyl-5,7-dichlorocoumaran-3-one.—Freshly cut sodium (3 0 g) was added 
to a solution of the preceding ester (22-0 g) in benzene ( 1 0 0  ml ; Na dried) containing ethanol and 
the m ixture refluxed for 3 hr. The benzene solution was decanted off from the residue and 
thoroughly extracted with water. The aqueous extract was diluted to 400 ml and carefully added 
to the residue. A lter the sodium had reacted completely this solution was acidified and the white 
precipitate formed was filtered off and dried. 2-Ethoxycarbonyl-5,7-dichlorocoumaran-3-one 
crystallized in long white needles (ethanol), m.p. 180-181 °C, and gave a violet colour with ferric 
chloride. Yield (12 Og) 60% (Found: C, 47 9 ; H , 3 0 % . Calc, for CiiHgO^Clg : C, 48 0 ; 
H , 2-9% ).
(gr) 5,7-Dichlorocoumaran-3-one.—The above ester (9 0 g) was suspended in ethanol (100 ml) 
and aqueous sodium hydroxide (150 ml ; 30%) added to the m ixture. A clear yellow solution 
resulted after boiling for 5 min, bu t on further heating a white solid separated. The heating was 
continued for a to ta l of 0 5 hr and the m ixture poured into ice-cold water. This was acidified 
with hydrochloric acid and the precipitate filtered off, washed w ith water, and dried. 5,7 -Dichloro­
coumaran-3-one was flrst crystaUized from glacial acetic acid, sublimed (100 °C/0- 7 mm), and then 
crystallized from ethanol : pale yellow needles, m.p. 134-135 °C (Found : C, 47 - 6  ; H, 2-2% . 
Calc, for CgH^OgClg : C, 47 - 3 ; H , 2 - 0%). I t  was soluble in sodium hydroxide and gave a violet 
colouration w ith ferric chloride. The 2,4-dinitrophenylhydrazone crystallized as orange prisma 
(nitrobenzene), m .p. 225-226 °C (decomp.) (Found : C, 44-3 ; H , 2-2% . Calc, for Ci^HgOgN^Clg : 
C, 4 3 -9 ; H , 2-1% ). 3-Acetoxy-5,7-dichlorobenzofuran was obtained in 75% yield by boiling
with acetic anhydride for 2  hr. I t  crystallized in pale yellow needles (methanol), m.p. 109-110 °C 
(Found : C, 49-1 ; H , 2-8% . Calc, for CioHgOgClo : C, 4 9 -0 ; H , 2-5% ).
(Ji) Reaction of 2,4-Dichlorophenoxyacetic Acid with Phosphorus Pentoxide in  Benzene.— 
The acid (50 g) was dissolved in boiling benzene (700 ml, Na dried) and treated  with phosphoms 
pentoxide ( 6 6  - 6  g). After refluxing (1-5 hr) it was filtered and the residue extracted w ith boiling 
benzene (3 X 75 ml). The extracts were combined, added to the filtrate, extracted with 2n hydro­
chloric acid, saturated  sodium bicarbonate then water, and dried (NagSO^). Evaporation of the 
solvent gave a residue which partially  crystallized on standing. The pasty  solid crystallized 
from methanol as needles. Yield 16- 6  g. On concentration a second crop (7 -4 g) was obtained. 
These two crops (yield 58%) were combined and recrystallized from methanol ; m.p. and mixed 
m .p. with an authentic sample of 2',4'-dichlorophenyl 2,4-dichlorophenoxyacetate was 112-113 °C 
(Found : C, 45-8 ; H , 2-4 ; Cl, 38-9% . Calc, for Ci^HgOgClj : C, 45-9 ; H , 2-2 ; Cl, 38-5%). 
The m other liquor from the flrst crystallization gave 2,4-dichlorophenol and an oil (7-5 g, 20%)
b.p. 74°C /0-4m m  (260-5 °C/764-5 mn). The latter crystallized on cooling, m.p. 24-25 °0 
(Found: C, 92-7 ; H , 7-2%  ; C-Me, Nil. Calc, for CigHja : C, 92-8 ; H , 7-2%  ; C-Me, Nil).
The ultraviolet spectrum was identical w ith th a t of diphenylmethane. The oil (2-05 g) 
was refluxed with aqueous potassium permanganate (4 - 0 g ; 40 ml water) for 6  hr. Benzo­
phenone was isolated from this reaction, m.p. 47-48 °G (ht. 49 °C). Yield 1 -32 g. The phenyl 
hydrazone had m.p. and mixed m.p. with an authentic specimen, 136-137 ®C.
{i) Reaction of Formaldehyde and Glycollic Acid with Phosphorus Pentoxide in  Benzene.—A 
36% w/w solution of formaldehyde (15-0 ml) was shaken with benzene (150 ml, A.R.), and the 
benzene layer was refluxed with phosphorus pentoxide (40 g) for 1 - 5 hr. The benzene solution 
was treated  as above and the residual oil (385 mg) distilled a t 260-263 °C/760 mm, m.p. 23-25 °0, 
and was identified as diphenyl methane. Diphenyl methane was also isolated when glycollic acid 
was used in place of formaldehyde.
SYNTHESIS OF 5,7-DICHLOROCOUMARAN-3-ONE 1 0 1
(j) Reactions with Radioactive 2,4-Dichlorophenoxy acetic Acid.— (i) Method. A known 
volume of a benzene solution of the radioactive acid was spotted on paper and run in 
M,-butanol : ammonia : water system. The strip was then scanned on an autom atic self-recording 
machine. The activity of the m aterial per unit area could then be calculated by measuring the 
area under the peak obtained, since the total radioactivity of the material used is known. Any 
area thus obtained could be expressed directly in terms of specific activity. Although the other 
radioactive compounds isolated (diphenylmethane and 2',4'-dichlorophenyl 2,4-dichlorophenoxy­
acetate) would have different absorption properties on the paper, different behaviour in the solvent 
system used, and different molecular weights, these differences are within the experimental errors. 
I t  can therefore be assumed th a t the areas under the recorded radioactive peaks are proportional 
to the specific activity of the substances.
The reaction of a definite am ount of 2,4-dichlorophenoxyacetic acid, of known radioactivity, 
w ith phosphorus pentoxide in benzene was carried out and the acidic material, which was shown 
to contain radioactive 2,4-dichlorophenoxyacetic acid (unreacted) and 2,4-dichlorophenol, was 
separated from the reaction products. The radioactivity in the recovered acid (expressed in 
term s of area) was subtracted from the radioactivity in the original acid, thus giving the am ount 
of radioactive acid th a t had reacted. The neutral products (2',4'-dichlorophenyl 2,4-dichloro­
phenoxyacetate and diphenylmethane) were dissolved in a known volume of ethanol and an 
aliquot was spotted on paper and run in the abovementioned solvent system. In  view of the high 
boiling point of diphenyl methane the am ount lost by evaporation from the paper was well within 
the order of experimental error. By scanning the chromatogram and measuring the area under 
the peak (only one spot was obtained, Rp 0 91) the radioactivity of the neutral fraction was 
determined. Tliis reaction was carried out with the carboxyl-labelled and methylene-labelled 
acids and the radioactivity of the neutral fractions compared.
The reactions were repeated and the neutral fraction was diluted with a known am ount of 
non-labelled diphenyl methane. The diphenyl m ethane was freed from the ester by chromato­
graphy on alumina and after distillation, an aliquot was run on paper. The radioactivity of the 
diphenylmethane formed in the reaction was calculated from the area under the peak obtained.
(ii) ; 1 (a). (2,4-Dichlorophenoxy)acetic l-^^C acid (26 m g; 940 mp,c) was dissolved
in pure, dry benzene (3*00 ml). Wlien an aliquot (20 p.1 ; 1/150th) was spotted on paper and 
run in n-butanol : ammonia : water (10: 1 : 1), one radioactive spot was obtained {Rp, 0 66). 
After scanning and measiuing the area under the peak the activity left in the solution (viz. 
3 00 ml—20 p.1) was equivalent to 1275 cm^. Phosphorus pentoxide (148 mg) was added and the 
solution was refluxed for 1 • 5 hr. The acidic m aterial from the reaction was spotted on paper and 
run in the above solvent system (one spot Rp, 0 • 66) and its radioactivity was equivalent to 33 • 5 cm^. 
Hence the radioactivity of the acid th a t had reacted was equivalent to 1241 cm^. A fraction of 
the neutral m aterial isolated was spotted and also rim in the above solvent system. I t  gave one 
spot {Rp, 0 91) and, after scanning, it was found th a t the to tal radioactivity of the neutral products 
was equivalent to 410 cm®. Hence this m aterial possessed 33% of the activity in the acid th a t 
had  reacted.
1(6). The reaction of (2,4-dichlorophenoxy)acetic 2-^‘^G acid (26 mg ; 1400 m(ic) with
phosphorus pentoxide (172 mg) in benzene (3-00 ml) was carried out as in I  (a) and it was found 
th a t the neutral m aterial had 58% of the radioactivity of the acid th a t had reacted.
I f  it is assumed th a t no radioactive diphenyl methane was formed in I  (a) then the radio­
activity  was only due to the ester, and in case I  (6) the am ount of radioactive diphenylmethane 
formed would be (58—33%) 25%. This was confirmed by the following experiments :
11(a). The above reaction was repeated using 28 mg of (2,4-dichlorophenoxy)acetic 1-^^C 
acid (activity ; 7-06 (ic) and 140 mg of phosphorus pentoxide in benzene (3-00 ml-20 (jlI). After 
refluxing for 1 - 5 hr, the unreacted m aterial was recovered and the neutral fraction diluted with 
non-labelled diphenyl methane (1*00 ml). This was placed on an alumina column (10x1 in.) 
and eluted with light petroleum. The hydrocarbon which was thus separated from the ester was 
distilled a t atmospheric pressure. Some of this hydrocarbon was spotted on paper bu t it was 
not radioactive.
1 0 2  W. L. F. ARMAREGO
1 1 ( 6 ) .  (2,4-Dichlorophenoxy)acetic 2-^^C acid (29 9 mg ; 12*6 (i.c) was reacted with phos­
phorus pentoxide (135 mg) in benzene (3-00 m l-20 p.1) as in I I  (a). The neutral ex tract in this 
case was diluted with 1 20 ml of non-labelled diphenylmethane before purification by  cliromato- 
graphy and distillation. The radioactivity in the diphenylmethane isolated was 25% of the 
radioactivity of the acid th a t had reacted.
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83. The Synthesis of Two Dinaphthothiophens.
By W. L. F. A r m a r e g o .
Dinaphtho-[l,2-6:2',F-£Z]- and -[ 1,2-6:2% 3 -thiophen have been 
synthesised. The former was shown to  be different from a sulphur com ­
pound isolated by Henriques.^
T r e a t i n g  di-(2-hydroxy-l-naphthyl) sulphide (I) withsulphuric acid, Henriques  ^ isolated 
an oxygen-free substance giving analyses for a dinaphthothiophen. Smiles et al.  ^ found 
that it was obtained in low yield and only from the unstable form of the sulphide (I). 
Although structure (II) was claimed, the mechanism of the formation of such a compound 
is not clear (cf. Hartough and MeiseP), and we have therefore undertaken its synthesis.
The first attempt involved reaction of 2,2'-binaphthyl with sulphur in the presence of 
anhydrous aluminium chloride according to Gilman and Jacoby’s method.^ Some reaction 
occurred, as hydrogen sulphide was liberated, but no organic sulphur compound could be 
isolated.
The second attempt was along lines similar to those developed by Armarego and 
Turner  ^for the synthesis of dibenzothiophens. Tobias  ^acid was converted into potassium 
2-iodonaphthalene-l-sulphonate by Cummings and Muir’s method.® Conversion into the 
sulphonyl chloride required long heating, probably because of steric hindrance. The 
chloride gave the ester (III) which with copper bronze at 170—175° produced the biphenyl 
derivative (IV) in excellent yield. Hydrolysis of this by sodium butoxide in butan-l-ol 
required 4 hr. and gave only a 31% yield of the disodium sulphonate (contrast refs. 
5 and 7). The resulting salt with phosphorus pentachloride gave the 2,2'-disulphonyI 
dichloride which, when reduced with hydriodic acid in boiling glacial acetic acid, gave 
the dinaphthodithiin (V) in 96% yield. This disulphide was converted by copper bronze 
at 260—280° into dinaphtho[l,2-6:2',l'-rf]thiophen (II), which differed from the compound 
described by Henriques.^
O H  H O
S O T h
(IV)
s - s
(V)
(VlliJ
A priori it was possible that the last step could give the isomer (VIII) though this is 
unlikely because such skeletal rearrangement was not found in earlier work and because 
cyclisation to (VIII) would involve ring closure on to a less reactive 0) position of a 
naphthalene nucleus. Nevertheless the doubt was resolved by synthesis.
The starting material was benzo[g]tliionaphthen (VI) which was prepared essentially
as described by Davies et al.^ Although the overall yield was very poor, this was found 
to be the best method available. This compound was converted by phthalic anhydride 
and anhydrous aluminium chloride in nitrobenzene into mixed acids which with poly- 
phosphoric acid at 100° gave the quinone (VII) in 15% overall yield. The quinone was 
not reduced by zinc dust and ammonia, but Clar’s method  ^ afforded dinaphtho- 
[1,2-6:2',3'-i^]thiophen (VIII) in 11% yield. The structure of this product was confirmed by 
desulphurisation with Raney nickel to 2,2'-binaphthyl. The compounds (II) and (VIII) 
gave a depression in a mixed m. p. determination and their ultraviolet spectra were 
different. This also confirms the structure of compound (II). The nature of the product 
isolated by Henriques will be investigated further.
E x p e r i m e n t a l
2-1 odonaphthalene-\-sulphonyl Chloride (cf. Cum m ings an d  Muir®).— Sodium  2-iodonaphth- 
a len e-1 -su lphonate  (15 g., I mol. ; dried  a t  150° for 2 hr.) was g round w ith  phosphorus p en ta- 
chloride (8 - 8  g., I m ol.), an d  phosphoryl chloride (5 ml.) added  to  s ta r t  th e  reaction , w hich was 
com plete on a  boiling-w ater b a th  in  1 h r. The m ix tu re  w as poured in to  w a te r a t  0°, an d  the  
solid filtered  off an d  d ried  (K O H ). I t  crysta llised  from  ligh t petro leum  (b. p. 60— 80°) in 
needles, m. p. 109— 110° (14 g., 93% ) (Cummings and  M uir gave m. p. 109-5°).
P henyl 2-Iodonaphthalene-\-sulphonaie.— The preceding chloride (9-0 g., I mol.) w as hea ted  
w ith  phenol (2-6 g.. I-1 mol.) in pyrid ine (10 ml.) in a  boiling-w ater b a th  for I hr. The solution 
w as poured  in to  cold w ater, an d  th e  ester was isolated, dried, and  crysta llised  from  m ethano l 
as prism s, m. p. 78— 79° (8-4 g., 80% ) (Found: C, 46-5; H , 3-0. CigH^OglS requires C, 46-8; 
H, 2-7%).
D iphenyl 2 ,2 '-B inaph thyl-l,l'-d isn lphona te .— T he above pheny l ester (10-4 g.) w as heated  
w ith  copper bronze (10 g.) a t  170— 175° (tem pera tu re  of b a th  n o t above 220°). W hen th e  
reaction  subsided th e  m ix tu re  was k ep t in th e  b a th  a t  2 1 0 ° for 15 m in. an d  th en  ex tra c ted  w ith  
boiling chlorobenzene. T he e x tra c t was filtered, concen tra ted , an d  cooled. T he ester th a t  
ciy^stallised recrystallised  from  large volum es of b u ta n -l-o l or acetic acid as rhom bs, m. p. 
2 1 0 — 2 1 1 ° (6 - 6  g., 95% ) [F ound: C, 67-85; H , 4-1; S, 11-5% ; M  (R ast), 651. 
requires C, 67-8; H , 3-9; S, 11-3% ; M , 567].
D isodhim  2,2'-B inaphthyl- \,V -disulphonate  — The b in ap h th y l ester (6 - 6  g., 1 mol.) w as trea ted  
in  boiling b u ta n -l-o l (600 ml.) w ith  a  solution from  sodium  (2-14 g., 8  atom -equiv .) in b u ta n -l-o l 
(50 m l.). T he m ix tu re  was boiled u n d er reflux for 4 h r., th en  concen tra ted  in  vacuo, poured  
in to  w a te r (100 m l.), acidified to  pH  2, an d  ex tra c ted  w ith  ether. T he aqueous solution was 
neutra lised , boiled w ith  charcoal, filtered, concen tra ted , and  cooled. The disodium  sa lt 
sep a ra ted  as an  oil, so th e  solution w as ev ap o ra ted  in  vacuo a t  100°. T he su lphonate  was 
ex trac ted  from  th e  residue w ith  boiling e th an o l and  recovered as very  hygroscopic p la tes  
(1-8 g., 31% ) w hich were sto red  in  vacuo a f te r  d ry ing  a t  120° for f  hr.
2,2'-B in a p lth y l-\,V -d isu lp h o n y l Bichloride.— T he disodium  sa lt (1-4 g., 1 mol.) w as hea ted  
w ith  an  equal w eight of phosphorus pen tach lo ride  in a bo iling-w ater b a th  for 1 hr. The product, 
iso lated  in th e  usual m anner, was dried  (KOH) and  crystallised  from  glacial acetic con tain ing  
4%  of acetic anhydride  in prism s ; m. p. 236— 237° (decomp.) (900 mg., 65%) (F ound : C, 53-6; 
H , 3-0; S, 14-4. CgoH^gO^SgClg requires C, 53-2; H , 2-7; S, 14-2%).
D inaphtho[\,2-c\2 ',V -C \-\l,2 ']-dithiin .— The preceding  chloride (431 mg.) in  boiling glacial 
acetic acid (30 ml.) was tre a te d  w ith  55%  w/w hydriod ic acid (20 ml.). A fter a  few m inu tes the  
d ith iin  s ta r te d  to  sep ara te  b u t  th e  m ix tu re  was left overn igh t a t  room  tem p era tu re . I t  was 
poured  in to  w a te r an d  decolorised w ith  su lphur dioxide, an d  th e  d ith iin  was filtered off, dried, 
an d  crysta llised  from  acetic acid, form ing yellow needles, m. p. 195-5— 196° (292 m g., 96% ) 
(F ound: C, 76-2; H , 3-8. CggH^^Sg requires C, 75-9; H , 3-8%). I t  d id  n o t dissolve in alkali 
an d  w as unaffected  b y  m ild oxidants.
Dinaphtho[l,2-h:2',l'-CL]thiophen.— The d ith iin  (200 mg.) was hea ted  w ith  copper bronze 
(400 mg.) a t  260— 280°. A fter 15 m in. unchanged  d isulphide s ta rte d  to  sublim e. H eatin g  was 
con tinued  an d  30 m in. la te i a  w hite solid sublim ed. Sublim ation  was com plete a f te r  h o u rs ’ 
heating . product (II) (90 m g., 50% ) crysta llised  from  benzene or b enzene-ligh t petro leum
(b. p. 60— 80°) in  p lates, m. p. 255— 256°. TO th concen tra ted  su lphuric  acid it  charred  an d  did 
n o t give th e  blue-green solu tion ind icated  by  H enriques  ^ (H enriques gave m. p. 146— 147°), 
254 mp. (log £ 4-6), X^ax. 262, 274-5, 284-5 m p (log e 4-8, 4-7, 4-7 in  95% E tO H  contain ing
0-1% of CHCI3) [Found: C, 84-5; H, 4-35; S, 11-4%; M  (Rast), 285. requires
C, 84-4; H , 4 3; S, 11*3%; M , 284], which was homogeneous in chrom atography on alum ina 
in benzene-light petroleum.
D i n a p h t h o [ \ , 2 - h \ 2 ' , 1 2 - q u i n o n e  (V ll).—Benzo[g']thionaphthen (VI) (2 15 g., 
1 mol.) and phthalic anhydride (1-73 g., 1 mol.) in nitrobenzene (50 ml., redistilled) were 
trea ted  w ith powdered anhydrous alum inium  chloride (3-56 g., 2-3 mol.) and kep t for 3 days 
a t  room tem perature, then mixed w ith 5N-hydrochloric acid (50 ml.) and distilled in steam . 
The residue was dissolved in sa tu ra ted  sodium carbonate solution, boiled for 5 min. (charcoal), 
filtered, and acidified. The solid (2-9 g.) th a t  separated was filtered ofï and dried.
The crude acids were heated w ith polyphosphoric acid (50 ml. ; 82— 84% of P 2O5) in a 
boiling-water b a th  w ith constan t shaking for 3 hr., then  poured into cold water, and the  solid 
th a t  separated was filtered off. This was then boiled for 5 min. w ith am m onia (100 ml.; 
d  0-880) and the  m ixture filtered. The residue was dried and sublimed a t  250— 30070-4 mm. 
The orange-yellow sublim ate of quinone crystallised from a large volume of acetic acid in orange 
needles, m. p. 299— 300° (rapid heating) (540 mg., 15%) (Found: C, 76-3; H, 3-3; S, 10-2. 
CaoHioOgS requires C, 76-4; H, 3-2; S, 10-2%).
Dinap}itho\\,2-\)\2'-Ci\t]iiop}\en (V III).—The quinone (VII) (100 mg.) was ground w ith 
zinc dust (1-0 g.), sodium chloride (1-0 g.), and anhydrous zinc chloride (5-0 g.) and kep t in the 
air for 5 min. to  absorb a small q u an tity  of water, then  was placed in a m etal-bath  a t  180°, 
the  tem perature being gradually raised to  320°. After 30 sec. a t  320° the  m ixture was allowed 
to  cool to room tem perature (longer heating decreased the yield), suspended in excess of 5n- 
hydrochloric acid (to dissolve the  inorganic m aterial) and filtered. A fter drying, the  
residue was dissolved in chloroform, and the m ixture was filtered, concentrated to  a small 
volume, placed in an alum ina column (6 " X Y '> B .D .H . grade), and eluted w ith benzene-light 
petroleum  (b. p. 40— 60°). The proportion of benzene was increased until the  band which had 
a w hite fluorescence in ultraviolet light was com pletely removed. The fluorescent eluates were 
combined, boiled w ith charcoal, filtered, concentrated to ca. 3 ml., and cooled. The product 
crystallised in flakes (10 mg., 11%), m. p. 316— 317° [mixed m. p. w ith (II) was 222—235°], 
Xinfl. 252 m p (log E 4-4), X^ mx. 262, 269-7, ^279-8 m p (log e 4-7, 4-7, 4-9 in 95% E tO H  containing 
0-1% of CHCI3). This was sublimed a t  250°/0-7 mm., crystallised from ethanol and then  
benzene, and shown to be chrom atographically pure as in the previous case. (Found: C, 84-5; 
H, 4-8; S, 11-3%). Boiling th is product in xylene w ith an excess of R aney nickel for 5 hr. 
gave 2 ,2 '-b inaphthyl.
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330. D iaryl-2  : 2'-disulphonic Acids and Related Com'pounds.
Part I. The Diphenyl and the D itolyl Series.
By W. L. F. A r m a r e g o  and E. E. T u r n e r .
Syntheses of derivatives of diphenyl-2 : 2'-disulphonic acid are more 
surely based on IJllmann reactions with phenyl o-iodobenzenesulphonate than 
on the Barber-Smiles process of heating the alkali o-iodobenzenesulphonate 
with copper in aqueous copper sulphate. The reductive scission of 4 : 4'-di- 
methyldiphenyl- 2  : 2 '-disulphonyl dichloride into m-mercaptotoluene recorded 
by Barber and Smiles  ^ is shown to be illusory.
T he optical resolution of diphenyl-2 : 2'-disulphonic a c id /  whilst contributing m uch to  
our knowledge of the  relation between steric effects and optical stability , left unsolved a 
num ber of problems, to  the  solution of which the  present investigations are addressed.
The formation of sodium cliphenyl-2 : 2'-disulphonate by the action of copper powder 
on a boiling aqueous solution of sodium o-iodobenzenesulphonate and copper sulphate is 
not uniformly successful. Although the diphenyl derivative is formed, some of the iodo- 
sulphonate remains unchanged and some is de-iodinated. A surer way into the series is 
now found to be by the action of copper on phenyl o-iodobenzenesulphonate, which is 
readily obtained from o-iodobenzenesulphonyl chloride. The diphenyl diphenyl-2 : 2'-di- 
sulphonate formed is with difficulty hydrolysed by acid, but is converted by boiling
alcoholic sodium ethoxide into the sodium disulphonate. It may be noted that Ferns and
Lap worth,  ^by the action of one mol. of sodium ethoxide on phenyl toluene-^-sulphonate, 
obtained phenetole as one product, the process being expressed as follows :
C ^ H /S O g P h  4- N a O E t =  C ^ H /S O g E t - f  N a O P h  
C .H /S O g E t  - f  N a O P h  =  C ^ H /S O g N a  -f  P h O E t
We find that if two mois, of sodium ethoxide are used no phenetole is detectable. 
Probably in this case the second reaction is :
C -H /S O g E t 4- N a O E t =  C ^ H /S O g N a  4- E t , 0
Barber and Smiles  ^ reduced diphenyl-2 : 2'-disulphonyl dichloride to 2 ; 2'-dimercaptodi- 
phenyl, which was oxidised by aqueous-alcoholic ferric chloride to the cyclic disulphide. 
We find that the latter is formed by the action of hydriodic acid in acetic acid on the 
disulphonyl dichloride, and that the disulphide, and the cyclic thiolsulphonate obtained 
from it by oxidation,  ^both give dibenzothiophen when they are heated with copper powder. 
By the deamination of o-tolidine-6 : 6'-disulphonic acid (cf. Limpricht  ^ and Helle 7
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5 : 5 '-dim ethyldiphenyl-2 : 2 '-disulphonic acid is obtainable. The sodium  salt of this acid 
is now found to  react w ith a m ixture of phosphorus pentachloride and phosphoryl chloride 
to  give approxim ately  equivalent quantities of the disulphonyl dichloride (I) and the
disulphonic anhydride (11). The disulphonyl dichloride is reduced by zinc and acid to the 
2 ; 2'-dithiol, an alkaline solution of which reacts with l-chloro-2 ; 4-dinitrobenzene to give 
the di-(2 : 4-dinitrophenyl sulphide). The dithiol is readily oxidised to the cyclic 
disulphide, which is also formed from (I) and (11) by reduction with hydriodic-acetic acid. 
Both (1) and (II) are converted by aqueous alkaline alkali sulphite, followed by acidific­
ation, into the cyclic thiolsulphonate (III) which is also obtainable by oxidation of the 
cyclic disulphide. This disulphide, when heated with copper, passes into a dimethyldi- 
benzothiophen which could be either (IV) or (\^  The product is identical with that 
formed through the diazo-derivative of 2-amino-4 : 4'-dimethyldiphenyl sulphide and is 
therefore (IV). The two specimens of cyclic sulphide (IV) of different origin were 
oxidised to identical sulphones. 2 : 2'-Dihydrox}--5 : 5'-dimethyldijffienyl was obtained by 
demethylating its dimethyl ether, but it could not be converted into a dibenzothiophen 
by the action of phosphorus pentasulphide (cf. Gilman and Jacoby *'’).
By heating phenyl 4-iodotoluene-3-sulphonate with copper, phenyl 4 ; 4'-dimethyldi- 
phenyl-2 : 2'-disulphonate is obtained. This ester is converted by boiling / -^butanolic 
sodium /i-butoxide into sodium 4: 4'-dimethyldiphenyl-2 : 2'-disulphonate, and the 
latter, with phosphorus pentachloride, gives 4 ; 4'-dimethyldiphenyl-2 ; 2'-disulphonyl 
dichloride, m. p. 183—184°, not 117—118° as stated by Barber and Smiles. According to 
these authors, the disulphonyl dichloride was reduced by zinc and acid to wî-mercapto- 
toluene. This seemed to us to be totally at variance with our knowledge of the 1 : 1 '-di­
aryl linking, and we have re-examined the compounds concerned. The action of copper on 
a boiling aqueous solution containing copper sulphate and sodium 4-iodotoliiene-3- 
sulphonate does not give appreciable quantities of sodium 4 : 4'-dimethyldiphenyl-2 : 2'- 
disulphonate. The bulk of the material is unchanged and the rest is convertible by 
phosphorus pentachloride into 4 : 4'-dimethyldiphenyl-2 : 2'-disulphonyl dichloride and 
toluene-m-sulphonyl chloride. The latter is evidently the source of the m-mercaptotoluene 
which Barber and Smiles isolated. We find that the dimethyldisulphonyl dichloride can in 
fact be reduced to a dithiol, which however readily undergoes oxidation to the 
cyclic disulphide (VI). An alkaline solution of the dithiol reacts with I-chloro-2 : 4-di­
nitrobenzene to give the di-(2 : 4-dinitrophenyl sulphide). When heated with copper 
bronze, the cyclic disulphide (VI) gives 2 : 7-dimethyldibenzothiophen.
E x p e r i m e n t a l
Diphenyl-'! : '2'-disulphonyl Dichloride.—The procedure of Barber and Smiles  ^ was modified 
to the following.
To a boiling, stirred solution of sodium o-iodobenzenesulphonate (20 g.) in water (100 ml.) 
containing 1 ml. of 5% copper sulphate solution copper bronze (12 g.) was added. After 24 hr. 
the mixture was filtered. The filtrate was evaporated to dryness and the white residue was 
dried a t 120— 130° and treated with an equal weight of phosphorus pentachloride. Benzene- 
sulphonyl chloride was identified by conversion into benzenesulphonamide, m. p. 153°. The 
diphenyl-2 ; 2'-disulphonyl dichloride, crystallised from glacial acetic acid, had m. p. 142— 144° 
(Limpricht gives m. p. 138°) (yield, 2-9 g., 12% calc, on the iodo-salt).
Diphenyl Diphenyl-2 : 2'-disulphonate.— (a) The sulphonyl chloride (11 g., 1 mol.) in dry 
pyridine ( 1 0  ml.) was heated with phenol (1 -2  g., 4 mois.). The ester obtained in the usual 
manner crystallised from ethanol in needles, m. p. 127— 128° (0 4 g., 28%).
(6 ) o-Iodobenzenesulphonyl chloride (132 g., 1 mol.) was heated with phenol (2 mois.) 
and sodium carbonate (1-| mois.) on a boiling-water bath for 1 hr. Phenyl o-iodobenzene- 
sulphonaie crystallised from ethanol in needles, m. p. 93— 94° (142 g., 92%) (Found : C, 40 3 ; 
H, 2-4; 1,35-4; S, 8 -8 . Ci^H^OglS requires C, 40-0; H, 2-5; 1,35-2; S, 8  9%).
This ester (133 g.) was heated in a metal bath a t 180— 190°, and an equal weight of copper 
bronze was added a t such a rate as to keep the tem perature below 210°. This reaction was 
vigorous. The diphenyl ester was extracted with o-dichlorobenzene, and the product obtained 
by concentration. I t  crystallised from ethanol in needles, m. p. 127— 128° (70 g., 81%) (Found : 
C, 61-6; H, 3-8; S, 13 6 . C^HigOoSg requires C, 61-8; H, 3-9; S, 13-7%).
Hydrolysis.—Diphenyl diphenyl-2 : 2'-disulphonate (9-4 g., 1 mol.), in absolute ethanol 
(200 ml.), was treated with a solution of sodium (1-84 g., 4 atoms) in ethanol (150 ml.). The 
m ixture was boiled under reflux for 2  hr. ; separation of solid was then complete. This was 
filtered off and dissolved in water ( 1 0 0  ml.), the solution was acidified with dilute hydrochloric
acid, and phenol extracted with ether. The aqueous layer, after careful neutralisation with 
10% aqueous sodium hydroxide, was evaporated to dryness. The residue (4*8 g.) with 
phosphorus pentachloride gave a disulphonyl dichloride (43%), m. p. 143— 144°, mixed m. p. 
142— 143°.
2 : 2'-Diphenylene Disulphide [Dibenzo-o-dithiin).—Diphenyl-2 : 2'-disulphonyl dichloride 
(0 0 g.) in hot glacial acetic acid (10 ml.) was added to 55% w/w hydriodic acid (20 ml.), and the 
solution left a t room tem perature for 24 hr. The solid th a t separated was washed with aqueous 
sulphur dioxide; it crystallised from glacial acetic acid as yellow needles (0-4 g., 55%), m. p. 
113— 114° alone or mixed with the disulphide obtained by oxidation of the dithiol with ferric 
chloride.
Dibenzothiophen from " Diphenyl-2 \ 2'-thiolsulphonate ” [Dibenzo-o-dithiin 5: 5-Dioxide; 
Ring Index No. 1936).—The thiolsulphonate (1 g.) was heated with copper bronze (2 g.) at 
250° for 2 hr. Extraction with ethanol gave dibenzothiophen (0-5 g., 63%), m. p. 100°. The 
mixed m. p. with dibenzothiophen obtained by similar treatm ent of 2  : 2 '-diphenylene disulphide 
was 98— 100". The thiolsulphonate was obtained from the disulphide in 60% yield by oxidation 
with concentrated nitric acid in acetic acid.
Disodium 5 : 5'-Dimethyldiphenyl-2 ; 2'-disulphonate.—This was prepared by a modification of 
the method used by Limpricht for diphenyl-2 : 2'-disulphonic acid. o-Tolidine- 6  : 6 '-di- 
sulphonic acid (1116 g., 1 mol.) was suspended in water (600 ml.) and neutralised with a solution 
of sodium hydroxide (16 g. in 20 ml. of water). Diazotisation was carried out between —5° and 
— 2° since the tetrazo-salt decomposed rapidly above —2°. Sodium nitrite (60 g., 1 mol.) in 
water (150 ml.) was added to the cold solution, and was followed slowly by dilute sulphuric acid 
(concentrated acid, 120 ml., and ice 600 g.). The tetrazo-salt th a t separated was kept a t —5° 
for 1 hr., then rapidly filtered off, dried between filter paper, and added to absolute ethanol 
(600 ml.). On addition of copper bronze (1 g.) the tetrazo-salt decomposed. The alcohol was 
then distilled off and the residue dissolved in water (800 ml.), neutralised with 1 0 % aqueous 
sodium hydroxide, boiled with charcoal, filtered, and concentrated. On cooling, the sodium 
salt crystallised in plates (yield of anhydrous salt, 8 8  g., 6 8 %).
5 \ 5 '- Dimethyldiphenyl - 2 \ 2 '- disulphonyl Dichloride and -2 : 2'-disulphonic Anhydride.— 
Sodium 5 : 5'-dimethyldiphenyl-2 : 2'-disulphonate ( 8 8  g., 1 mol.) was ground with phosphorus 
pentachloride (94 g., 2  mois.). The mixture did not melt when heated on a boiling-water bath, 
and phosphoryl chloride (25 ml.) was added and the mixture heated in a m etal-bath a t 130° 
under a condenser for 1 hr. The yellow pasty product was decomposed with ice-water, filtered 
off, dried, and dissolved in hot benzene. On cooling, the anhydride crystallised in rhombic 
crystals, m. p. 234— 235° (18 g., 27%) (Found : S, 19-5. C14H 12O5S0 requires S, 19-8%). The
mother-liquor was concentrated to a small volume by distilling off the benzene a t a low temper­
ature in a vacuum. The disulphonyl dichloride crystallised in needles (24 g., 28%), m. p. 227— 
228° (mixed m. p. with anhydride, 195— 199°) (Found : S, 17-1. CijHjoO^CloSo requires S, 
16-9%). Both substances were recrystallised from acetic anhydride.
Diphenyl 5 : 5'-Dimethyldiphenyl-2 : 2'-disulphonate.—This was prepared in the usual manner 
from the anhydride or disulphonyl dichloride but with dry pyridine instead of sodium carbonate ; 
with the latter the original material was always hydrolysed to the disulphonic acid. The ester 
crystallised from «-butanol in needles, m. p. 189— 191° (Found : S, 13 2. C,gHooOgSo requires 
S. 12-9%).
5 : 5'-Dhnethyldiphenyl-2 : 2'-disulphonanilide.—This dianilide was obtained in the usual 
manner from the dichloride, and crystallised from «-butanol in needles (27%), m. p. 234—236° 
(decomp.) (Found : S, 12 9. CogHg^O^N^Sg requires S, 13-0%).
” 5 : 5'-Dimethyldiphenyl-2 : 2'-thiolsulphonate ” [2 : 9-dimethyldibenzo-o-dithiin 5 : 5-dioxide) 
(1 1 1 ) was obtained by shaking the anhydride with alkaline sulphite for 6  hr. a t 80— 100°, and 
then strongly acidifying the solution with dilute mineral acid. I t  crystallised from «-butanol in 
needles, m. p. 146— 147° (45%) (Found : S, 23 2. requires S, 23-2%). Similar
results were obtained with the disulphonyl dichloride.
5 : 5 '-Dimethyl-2 : 2 '-diphenylene Disulphide (2 : 9-Dimethyldibenzo-o-dithiin).— 5 : 5 '-D i- 
methyldiphenyl-2 : 2'-disulphonyl dichloride (7-6 g.) in boiling glacial acetic acid (120 ml.) was 
treated with 55% (w/w) hydriodic acid (80 ml.). An oil separated which on cooling solidified. 
I t  crystallised from glacial acetic acid in golden-yellow plates, m. p. 88—89° (3-3 g., 69%). 
Under similar conditions the anhydride gave the disulphide, m. p. and mixed m. p. 89—90°, in 
53% yield.
Oxidation. The disulphide (1 g.) in boiling glacial acetic acid (15 ml.) was slowly treated 
with concentrated nitric acid (20 ml.). The solution was kept for 3 hr. but no solid separated.
The m ixture was poured into water (100 ml.) and the white thiolsulphonate th a t separated was 
filtered off and dried ; it crystallised from «-butanol as needles, m. p. and mixed m. p. 144— 146° 
(0 2 g., 42%).
5 : 5'-Dimethyldiphenyl-2 : 2'-dithiol and the 2 : 2'-Di-(2 : 4^-dinitrophenyl Sulphide).—A solution 
of 5 : 5'-dimethyldiphenyl-2 ; 2'-disulphonic anhydride (7 6  g.) in boiling glacial acetic acid 
(300 ml.) was rapidly cooled to 15° in order to avoid hydrolysis. Zinc dust (12 g.) was added, 
followed by concentrated hydrochloric acid (20 ml.). The acid was added a t such a rate as to 
keep the tem perature below 20°. Then the mixture was heated on a boiling-water bath until 
all the metal had dissolved. The solution was concentrated to 150 ml. in vacuo, poured into 
water (400 ml.), and acidified with 2N-hydrochloric acid (400 ml.). The oil which separated 
was steam-distilled, and the distillate extracted with ether, dried (CaCU), and freed from ether. 
The oily residue had an unpleasant odour and did not solidify. This was the dithiol as it was 
freely soluble in alkali. I t  was dissolved in ethanol (15 ml.), made alkaline with 10% aqueous 
sodium hydroxide (2 ml.), and mixed with a solution of l-chloro-2 : 4-dinitrobenzene (2 g.) in 
ethanol (10 ml.). The yellow solid disulphide suddenly separated. I t  crystallised from large 
volumes of «-butanol in golden-yellow needles, m. p. 230— 231° (0 0 g., 20%) (Found : S, 113. 
CogHigOgNjS., requires S, 1 1 1 %).
The above reduction was repeated but with the disulphonyl dichloride, and the oily dithiol 
on oxidation with alcoholic ferric chloride gave 5 : 5'-dimethyl-2 : 2'-diphenylene disulphide 
in 2 0 % yield.
2: S-Dimethyldibenzothiophen (Ring Index No. 1743).— (rt) 5 : 5'-Dimethyl-2 : 2'-diphenylene 
disulphide (2 g.) was thoroughly mixed with copper bronze (2 g.) and heated a t 250— 260° for 
14 hr. The residue was distilled in a vacuum and the distillate crystallised, on cooling, to 
needles of the dibenzothiophen which, recrystallised from light petroleum (b. p. 60—80°), had 
m. p. 121— 122° (1-4 g., 80%) (Found : S, 'l5  3. requires S, 15 1%).
(6 ) (cf. Cullinane, C. Davies, and G. Davies " for the similar synthesis of 2-nitrodibenzo- 
thiophen.) 4 : 4'-Dimethyl-2-nitrodiphenyl sulphide was prepared in the usual manner from
4-bromo-3-nitrotohiene, 4-mercaptotoluene and sodium ethoxide. The base obtained by 
reduction of the nitro-sulphide with tin and hydrogen chloride was an oil and was converted 
directly into the thiophen (yield, 0  5  g., 1 1 %), m. p. 1 2 0 — 1 2 1 ° ; mixed m. p. with above thiophen 
119— 120°.
2 ; S-Dimethyldibenzothiophen 1 : \-Dioxide.— 2 : 8 -Dimethyldibenzothiophen (0-25 g., from 
the disulphide) in boiling glacial acetic acid (20 ml.) was oxidised with excess of 3% aqueous 
potassium permanganate. The product was poured into water and decolorised with sodium 
metabisulphite, and the white precipitate filtered off. I t  crystallised in needles (from glacial 
acetic acid), m. p. 297— 298° (0-2 g., 71%). The dioxide obtained in a similar manner from the 
thiophen derived from the nitro-sulphide melted a t 298— 299° (mixed m. p. 297— 298°) (Found ; 
C, 69 0; H, 5-1; S, 12-9. requires H, 69-0; S, 4-9; 13-1%).
Phenyl 2-Iodo-5-methylbenzenesulphonate.— 2 -Iodo-5 -methylbenzenesulphonyl chloride (148 
g., 1 mol.) was heated as usual with phenol (2 mois.) and sodium carbonate (1^ mois.). The 
ester crystallised from ethanol in prisms, m. p. 87— 88° (164 g., 94%) (Found : S, 8-9. 
CigHjiOglS requires S, 8 -6 %).
Diphenyl 4 : 4-'-Dimethyldiphenyl-2 : 2'-disulphonate.—Phenyl 2 -iodo-5 -methylbenzenesulph- 
onate ( 1 2 2  g.) was heated in a bath  a t 180— 190° and copper bronze ( 1 0 0  g.) added slowly, the 
tem perature being kept below 210°. The reaction was vigorous. By extraction with 
chlorobenzene and concentration, the ester was obtained crystalline. I t  crystallised from 
«-butanol in flakes, m. p. 146— 147° (97 g., 92%) (Found ; S, 13-2. requires S,
12-9%).
Disodium 4 : 4,'-Dimethyldiphenyl-2 ; 2'-disulphonate.—The phenyl ester (1 mol.) was 
hydrolysed with sodium «-butoxide. (4 mol.) in boiling «-butanol in 3 hr. The product was 
isolated in 96% yield by distilling off the alcohol, as in the previous hydrolysis.
4 ; 4:'-Dimethyldiphenyl-2 : 2'-disulphonyl Dichloride.— This was obtained from the above salt 
with the calculated quantity  of phosphorus pentachloride. I t  crystallised from glacial acetic 
acid in needles (52%), m. p. 183— 184° (Barber and Smiles gave m. p. 118°) (Found : S, 17-3. 
C14HJ2O4S2CI2 requires S, 16-9%). The phenyl ester obtained by heating this substance with 
phenol in pyridine was identical with diphenyl 4 : 4'-dimethyldiphenyl-2 ; 2'-disulphonate. 
The disulphonanilide crystallised from «-butanol in needles, m. p. 205— 206° (Found : S, 13 1. 
C26H 24O4N 2S2 requires S, 13-0%).
When sodium 4-iodo-3-methylbenzenesulphonate (20 g.) in water (100 ml.) containing 5% 
copper sulphate solution (1 ml.) was boiled under reflux and stirred mechanically for 3 hr..
three substances were isolated ; (i) sodium 4-iodo-3-methylbenzenesulphonate (13 g. anhyd., 
65%), (ii) sodium 4 : 4'-dimethyldiphenyl-2 : 2'-disulphonate, and (iii) sodium toluene-w- 
sulphonate. The last two substances were converted into the corresponding sulphonyl chlorides. 
4 : 4'-14imethyldiphenyl-2 : 2'-disulphonyl chloride (2-2 g., 19% calc, on original iodo-salt) 
melted at 183— 185° alone or mixed with the sulphonyl chloride obtained via the Ullmann 
reaction.
4 : 4'-DiinetJiyl-2 : 2'-diphenylene disulphide (3 : S-dimethyldibenzo-o-dithiin) was obtained by 
the action of hydriodic acid [d 1-7) on the sulphonyl chloride in boiling glacial acetic acid. I t  
crystallised from ethanol in yellow needles (81%), m. p. 114— 115° (Found : C, 6 8 -6 ; H, 4-9. 
CijHigSo requires C. 69-0; H, 4-9%).
” 4 : 4'-Di)nethyldipkenyl-2 : 2'-thiolsulphonate ” (3 : S-dimethyldibenzo-o-dithiin 5 : 5-dioxide) 
was prepared in 75% yield in a way similar to th a t used for its isomer. I t  crystallised from 
«-butanol in needles, m, p. 170— 171° (Found : C, 60-1 ; H, 4-7 ; S, 23-5, requires
C, 60-8; H, 4-4; S, 23-2%).
4 : 4'-Dimethyldiphenyl-2 : 2'-dithiol.—This was obtained by reducing the corresponding 
disulphonyl dichloride with zinc and hydrochloric acid in ethanol as in the case of the 3 : 3'-di- 
methyl compound. The dithiol (an oil) was not steam-distilled as it was oxidised readily to the 
cyclic disulphide in 63% yield. The di-{2 : 4-dinitrophenyl sulphide) crystallised from a large 
volume of «-butanol in canary-yellow needles, m, p. 236— 237° (yield, 63%) (Found : N, 9-6. 
CogHigOgN^S, requires N, 9-7%).
3 ; l-Dimethyldibenzothiophen, obtained by the method used for its isomer, had b. p. 
186°/10 mm. (yield 92%). The distillate crystallised from light petroleum (b. p. 60—80°) in 
needles, m. p. 151— 152° (Found : C, 79-2; H, 5-9 ; S, 14-8. requires C, 79-9 ; H, 5-7 ;
S, 15-1%).
Di-o-iodophenyl Disulphoxide (o-Iodophenyl o-Iodobenzeneihiolsulphonate).—o-Iodobenzene- 
sulphonyl chloride (6  g.) was reduced with sodium sulphite solution (15 g. of hydrated salt in 
50 ml. of water) made alkaline with 10% sodium hydroxide solution (15 ml.), .\fter being 
heated on a boiling-water bath for 15 min. the sulphonyl chloride dissolved. The resulting 
yellow solution gave o-iodobenzenesulphinic acid, on acidification, as needles, m. p. 112° (Barber 
and Smiles  ^gave m. p. 108°). The thiolsulphonate was isolated after the sulphinic acid had been 
heated for 2  hr. on a boiling-water bath in excess of dilute sulphuric acid ; it crystallised from 
ethanol in needles (3-2 g.), m. p. 158—159° (Found : J, 5T0. CigHgOgSgL requires I, 50-6%).
Di-o-iodophenyl Disulphide.—o-Iodobenzenesulphonyl chloride (3 g., 1 mol.) in hot glacial 
acetic acid ( 2 0  ml.) was treated with hydriodic acid ( 2 0  ml., 1 0  mois.) and left a t room tem per­
ature for 24 hr. The disulphide separated and crystallised from a large quantity  of glacial 
acetic acid in prisms (1-4 g., 83%), m. p. 135— 136° (Barber and Smiles  ^give m. p. 133°).
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7 0 6 . Diaryl-2  : 2 -^disulphonic Acids and Related Compounds.
Part / / . *  The Optical Stability of a Cyclic 2 : 2'-Thiolsulj)honate.
By W. L. F. A r m a r e g o  a n d  E. E. T u r n e r .
The distrychnine salt of 4 : 6 : 4 ' :  6 '-tetram ethyldiphenyl- 2  : 2'-disuIphonic 
acid has been resolved. The disodiiim salt, the disulphonyl chloride, and 
the dianilide have high optical stability. The cyclic 2 : 2'-thiolsulphonate 
has a half-life of 24 minutes in boiling ethylbenzene and one of about 5 hours 
in boiling toluene. I t  is thus more stable than 9 : lO-dihydro-3 : 4-5 : 6 - 
dibenzophenanthrene.
1 : 1 ' - D i n a p h t h y l - 2  : 2 ' - d i c a r b o x y l i c  a c i d  (I) possesses very high optical stability. 
Yet active 9 : lO-dihydro-3 : 4-5 : 6-dibenzophenanthrene (II), in which the energy of 
approach of two carbon atoms has been overcome, has the smaller, but still very con­
siderable, optical stability which is represented by the statement that it has a half-life of
r I ^ r  1I ^
L J c O , H
CH,
(I)
13 minutes in boiling ethylbenzene and about 3 hours in boiling toluene.  ^ It seems probable 
therefore that since the active forms of diphenyl-2 : 2'-disulphonic acid (III ; R =  H) 
undergo complete racémisation in a few minutes in boiling aqueous solution,  ^ derived 
cyclic types such as the 2 : 2'-thiolsulphonate (IV ; R =  H) or the 2 : 2'-disulphide (V ; 
R =  H) would have low configurational stability.
It appeared to us that the optical stability relationship between types (III) and (IV), 
or (III) and (V), could well be studied by using a disulphonic acid of high optical stability, 
and 4 : 6 : 4 ' :  6'-tetramethyldiphenyl-2 : 2'-disulphonic acid (III ; R =  Me) has been
HO3S SO,H
R
s — s 
o .
(llh (IV)
s — s 
(Vi
selected for examination. It was synthesised from 2 : 4-xylidine (NHg =  I). This was 
sulphonated,  ^ and the amino-group replaced by either' bromine  ^ or iodine. The derived 
sulphonyl chlorides were converted into phenyl 2-bromo(or 2-iodo)-3 : 5-dimethylbenzene- 
sulphonate, which was heated with copper. The route through the iodo-compounds was 
the better. The phenyl 4 : 6 : 4 ' :  6 '-tetramethyldiphenyl-2 : 2'-disulphonate so formed 
was, as expected, difficult to hydrolyse, but by using four molecular proportions of sodium 
M-butoxide in boiling butanol an 89% conversion into the sodium disulphonate was 
achieved. The alkali salts of 2-iodo-3 : 5-dimethylbenzenesulphonic acid gave very poor 
yields of the tetramethyldiphenyldisulphonates when their aqueous solutions were boiled 
in presence of copper powder and copper sulphate (see Part I).
4 : 6 : 4 ' :  6'-Tetramethyldiphenyl-2 : 2'-disulphonyl chloride, obtained from the di­
sodium salt and phosphorus pentachloride, could not be reduced to the 2 : 2 '-dithiol. 
Use of an excess of zinc and hydrochloric acid, or hydriodic acid, gave polymeric material.
* Part I, / . ,  1956, 1665.
It was therefore impossible to obtain the cyclic 2 : 2'-disulphide (V ; R =  Me) by the 
standard method of oxidising the dithiol. Reduction of the disulphonyl chloride with 
hot aqueous alkaline alkali sulphite gave the sodium disulphinate : on further heating 
after addition of excess of mineral acid, the precipitated unstable disulphinic acid passed 
into the thiolsulphonate (IV ; R =  Me). This compound was less conveniently obtained 
by the restricted reduction of the disulphonyl chloride with zinc and acid. By reduction 
of the thiolsulphonate with hydriodic-acetic acid the 2 : 2 '-dithiol was produced in low 
yield, but attempted purification led to polymerised material. Reduction of tlie thiol­
sulphonate with lithium aluminium hydride in ether gave the 2 '-inercapto-2-sulphinic 
acid, from which, by méthylation, 4 : 6 : 4 ' :  6'-tetramethyl-2-methylsulphonyl-2'-methyl- 
thiodiphenyl was formed.
It can be seen from a model that if the two sulphur atoms in the imsubstitnted thiol­
sulphonate (IV: R — H) have approximately the same radius (TO Â) that they would 
have in the cyclic disulphide (V; R =  H), a strainless form is obtained when the angle of 
twist between the (collinear) benzene nuclei is about 35° and the sulphur angle is about 
90°. Into such a molecule two methyl groups can be put into the 6- and 6 '-positions only 
with some strain.
Treating an aqueous solution of one mol. of sodium 4 : 6 : 4 ' :  6 '-tetramethyldiphenyl- 
2 : 2 '-disulphonate with an aqueous solution of two mois, of strychnine hydrochloride gave 
the almost pure (—)-base (—)-acid salt, and by evaporation of the mother-liquor crude 
(—)-base (-j-)-acid salt was obtained, initially as an oil. The less soluble salt became 
optically pure after one crystallisation from methanol and had [ajsjiil —100-0° (±0-5°), 
-96-0° (±0-5°) (in CHCI3).
Treatment with sodium hydroxide gave the sodium (—)-disulphonate, which after 
crystallisation from ethanol had [ajgjgi —39-0° (±0-5°), [a]g% —35-0° (±9-5°) (in H^O). 
Crystallisation from ethanol of the sodium disulphonate obtained from the more soluble 
strychnine salt gave the sodium (-f-)-disulphonate with [a]5°oi -j-40-5° (±0-5°), 
+35-0° (d:0-5°) (in HgO). The sign of rotation of the sodium salts was reversed in ethanol : 
the values of the rotation for various ethanol-water mixtures are given in the Experimental 
section.
By the action of phosphorus pentachloride on the (—)-sodium salt, 4 : 6 : 4 ' :  6 '-tetra- 
methyldiphenyl-2 : 2'-disulphonyl chloride was obtained with —94-5° (±0-5°),
H 5791 —83-5° (d=0-5°) (in CHCI3) : the (-{-)-disulphonyl chloride, from the (-j-)-sodium 
salt, had [a]g«6i +95-0° (±0-5°), +83-5° (±0-5°) (in CHCI3). The ( - ) -  and the
(+)-disulphonyl chloride gave, respectively, a (+)-, +238° (±1°), and a (—)-di­
sulphonanilide, [a]^ 6^i —237° (±1°). The (—)-disulphonyl chloride was heated with 
aqueous alkaline sodium sulphite until it had all dissolved, excess of dilute mineral acid 
was added and the mixture heated. The cyclic thiolsulphonate so obtained was strongly 
dextrorotatory, with [ajg  ^ +253° (±1°) and [a]g^ i +188° (±1°) (in CHCI3 ). From the 
(+)-disulphonyl chloride there was similarly obtained the (—)-thiolsulphonate, [oc]g%i 
-252° (±1°), -190° (±1°).
The optically active sodium 4 : 6 : 4 ' :  G'-tetramethyldiphenyl-2 : 2'-disulphonate 
underwent no measurable racémisation in aqueous solution when heated in a closed 
vessel for 26 hours at 180—200°. The active disulphonyl chloride did not racemise during 
half an hour at 170—175° in a vacuum. The active disulphonanilides remained unchanged 
when their solutions in m-nitrotoluene were boiled for 1^  hours. The (—)-thiolsulphonate 
had a half-life of 24 minutes in boiling ethylbenzene solution, that is about twice the 
half-life (13 min.) of 9 : lO-dihydro-3 : 4-5 : 6-dibenzophenanthrene in the same solvent 
at the same temperature. The half-life of the (+ )-thiolsulphonate in boiling toluene was 
291 (±2) min. The activation energy calculated from the two rate determinations is 
31 kcal./mole.
E x p e r im e n t a l
Polariinetric readings were made with 1 = 2. The chloroform used was of B.P. grade.
Phenyl 2-Bromo-3 : b-dimethylbenzenesulphonaie.— 2 : 4-Xylidine was sulphonated with some 
modification of the procedure described by Junghahn.^ By recovering and sulphonating
unchanged base, a 6 8 % yield was obtained. The solid diazo-snlphonate was heated a t 70° 
w ith 48% Iiydrobromic acid, and the sodium sulphonate was salted out w ith sodium chloride. 
After trea tm en t of the dehydrated sodium salt w ith phosphorus pentachloride, the bulk of the 
phosphoryl chloride was removed by distillation before the addition of ice-water. The sulphonyl 
chloride was filtered off and dried in a vacuum.
The sulphonyl chloride (56 g., 1 mol.) was dissolved in dry pyridine ( 1 0 0  c.c.), and phenol 
(40 g., 2 mol.) added. The dark reddish solution was heated a t 100° for i  hr., then cooled and 
poured into ice-water. The pale yellow oil th a t separated was washed w ith dilute hydrochloric 
acid and with dilute alkali. The solid ester obtained crystallised from ethanol as flat prisms, 
m. p .  96— 97° (48 g., 71%) (Found : Br, 23 1. CijHi^OgBrS requires Br, 23-4%).
An alternative procedure, which gave a purer crude product, was to heat the sulphonyl 
chloride (1 mol.) w ith phenol (2 mol.) and anhydrous sodium carbonate (T5 mol.) for 15  hr. 
a t  1 0 0 °.
2 : 4-Dinitrophenyl 4-Rro?«o-3 : 5-dimethylbcnzenesulphonate.—To a solution of 2 : 4-dinitro- 
phenol (2 3 g.) in chloroform (35 c.c.) was added a solution of the above sulphonyl chloride 
(7 g.) in dry  pyridine (2 - 2  c.c.). The m ixture was boiled under reflux for 2  hr. The chloroform 
was distilled off and the residue trea ted  w ith cold water. The ester crystallised from a large 
bulk of m ethanol or ethanol in long yellow needles, m. p. 147— 148° (19%) (Found : N, 6-55. 
CiiHiiO^NoBr requires N, 6-5%).
Phenyl 4 ; 4' ; 6  : %'-Tetramethyldiphenyl-2 ; 2'-disulphonate.— Method A . Phenyl 2-bromo- 
3 : 5-dim ethylbenzenesulphonate (30 g.) was heated a t 240— 260°, and copper bronze (60 g.) 
added a t  such a ra te th a t the tem perature of the m ixture did not rise above 280°. W hen the 
reaction was complete, the somewhat cooled m ixture was trea ted  w ith chlorobenzene and 
filtered, and the copper washed with chlorobenzene. The solvent was distilled off and the 
residual disulphonate was crystallised from bu tan-l-o l or glacial acetic acid, forming flat rhombs, 
m. p. 180— 181° (39% ; overall yield on xylidinesulphonic acid 12%) (Found ; C, 63-7 ; H, 5-0; 
S, 12-3%; M , ebullioscopic in benzene, 536. CagHogOcSa requires C, 64-3; H, 5-0; S, 12-4%; 
M , 523).
2-Iodo-3 : 5-dimethylbenzenestUphonyl Chloride.—The above diazo-sulphonate (160 g., 1 mol.) 
was added to a solution of potassium iodide (160 g., 1} mol.) in 25% v /v  sulphuric acid (800
c.c.) and heated on a boiling-water bath  until evolution of nitrogen ceased. On cooling, the 
sulphonic acid separated as plates, and more was obtained by  vacuum -evaporation of the 
m other-liquor. The acid was dried in a vacuum  over PLSO.;. I t  lost iodine when exposed to 
light. The yield was 231 g.
The acid (156 g.) was gradually treated  with phosphorus pentachloride (156 g.) w ith ice- 
w ater cooling. After 1 hr., m ost of the phosphoryl chloride was distilled off under vacuum  
and the residue treated  w ith ice-cold water. The dried sulphonyl chloride crystallised from 
light petroleum  (b. p. 60— 80°) in prisms, m. p. 86— 87° (6 6 %) (5-245 mg. gave 5-820 mg. of 
Agi +  AgCl. CgHgOgClIS requires 5-991 mg.).
The sulphonamide, resulting from the interaction of the chloride and concentrated aqueous 
ammonia, crystallised in needles from dilute ethanol (Found : I, 40-2; N, 4-2. CgHjoOoINS 
requires I, 40-8; N, 4-5%).
Phenyl 2-Iodo-3 : tS-dimethylbenze ne sulphonate.—The iodo-sulphonyl chloride (265 g., 1 mol.) 
was heated a t 100° with phenol (2 mol.) and sodium carbonate (1^ mol.). After the standard  
procedure, the ester crystallised from ethanol as plates, m. p. 105— 106° (94%) (Found : C, 43-2 ; 
H, 3-5. C i ,H iA I S  requires C, 43-3; H, 3-4%).
Phenyl 4 : 6 : 4 ' :  Q>'-Tetramethyldiphenyl-2 : 2'-disulphonate.— Method B . The iodo-ester 
(129 g.) was heated a t 170— 180° w ith copper bronze (100 g.). The yield of disulphonate was 
70 g. (80%) (the overall yield calculated on xylidinesulphonic acid was 41-5%).
Di-{2-iodo-3 : 5-dimethylphenyl) Disulphide.—A solution of the iodo-sulphonyl chloride 
(5-0 g.) in boiling glacial acetic acid (60 c.c.) was treated  w ith 55% (w/w) hydriodic acid (50 c.c.). 
After an hour a t room tem perature the m ixture was poured into a saturated  aqueous solution 
of sodium hydrogen sulphite. The solid disulphide was collected, washed, dried, and crystallised 
from glacial acetic acid ; it formed long pale yellow needles, m. p. 160— 161° (4-0 g., 85%) 
(Found : I, 48-4. requires I, 48-2%). A t 190— 220° the disulphide reacted w ith
copper bronze with uncontrollable vigour, and no te tram ethylth ian thren  could be isolated.
Sodium and Barium Salts of 4 : 6 : 4 ' :  Q'-Tetraniethyldiphenyl-2 : 2'-disulphonic A cid .— 
Sodium (3 g., 4 atom-equivs.) was dissolved in bu tan-l-o l (100 c.c.), and the solution added to 
one of phenyl 4 : 6 : 4 ' :  6 '-tetram ethyIdipheny 1-2 : 2'-disulphonate (16-7 g., 1 mol.) in bu tan-l-o l 
(160 C.C.). The m ixture was boiled under reflux for 3 hr., and then distilled until the residual
volume was about 75 c.c. The liquid was poured into water (200 c.c.), and the solution boiled, 
filtered, and acidified with 2N-hydrochloric acid. Phenol was removed by extraction with 
ether, and the aqueous solution, after being neutralised (to Congo-red) with 10% aqueous 
sodium hydroxide, was filtered and concentrated to about 50 c.c. On cooling, the sodium salt 
crystallised in platelets (8 8 % yield of anhydrous salt, after drying a t 120°) (Found ; S, 15 8 . 
CicHicOeSoNao requires S, 15-5%). The salt was hygroscopic and was soluble in ethanol. 
When only 2 mol. of sodium butoxide were used, 30% of unchanged ester was recovered after 
1 2  hours’ boiling.
The barium salt separated in fine needles when a 5% solution of barium chloride was added 
to a warm aqueous solution of the sodium disulphonate. The barium salt was very sparingly 
soluble in w ater and did not react under normal conditions w ith phosphorus pentachloride 
(Found : Ba, 24-7, 24-5. C i6H i6 0 oS2Ba,3 H 2 0  requires Ba, 24-6%).
4 : 6 : 4 ' :  Q'-Tetramethyldiphenyl-2 : 2'-disulphonyl Chloride.—A m ixture of the sodium 
disulphonate (anhydrous; 31-0 g., 1 mol.) with phosphorus pentachloride (32-0 g., 2 mol.) was 
heated a t 100° for 10 min. The cooled liquid was poured into water and the resulting yellow 
solid dichloride was washed and dried and crystallised from glacial acetic acid, forming needles, 
m. p. 164° (23 g., 77%) (Found : C, 47-0; H, 4-1; S. 15-9. CisHigO^ClsS, requires C, 47-2; 
H, 3-9 ; S, 15-7%). W ith phenol in dry pyridine it gave the diphenyl disulphonic ester, m. p. 
181°, in 31% yield and with aniline it gave 4 : 6 : 4 ' :  Q'-tetramethyldiphenyl-2 : 2'-disulphon­
anilide (37%), cubic crystals, m. p. 208—209° (from ethanol) (Found : N, 5-7. CggHggO^NgSo 
requires N, 5-4%).
Reduction o / 4 : 6  : 4' : C»'-Tetramethyldiphenyl-2 : 2'-disulphonyl Chloride.— (a) With alkaline 
sodium sulphite. The disulphonyl chloride (7-8 g.) was shaken a t 100° with 30% sodium sulphite 
solution (250 c.c.) and 10% sodium hydroxide solution (20 c.c.). W ith interm ittent shaking, 
the suspended chloride dissolved in 8 — 10 hr. The yellow solution was acidified with excess of 
2 x-sulphuric acid and heated on a boiling-water bath  until all the m aterial th a t separated had 
coagulated. The cyclic thiolsulphonate ( 1 : 3 : 8 :  \0-tetramethyldibenzo{ce\dithiin 5 : 5-dioxide \ 
Ring Index no. 1936) was collected, dried, and crystallised from glacial acetic acid (prisms, 
111. p. 177— 178°) or from butan-l-ol (needles, m. p. 177 — 178°) (yield, 4-2 g.) (Found : C, 62-9 ; 
H, 4-9 ; S, 21-4%; M , ebullioscopic in benzene, 316. CigH^gO.^So requires C, 63-1; H, 5-2; 
S, 21-0%; d /, 304).
(b) With zinc dust and hydrochloric acid. The disulphonyl chloride (4 g., 1 mol.) was dissolved 
in hot absolute ethanol (50 c.c.), zinc dust (5 g., 8  atom-equivs.) added, and the m ixture cooled 
to 10°. Concentrated hydrochloric acid (20 c.c.) was added a t such a rate th a t the tem perature 
did not rise above 20°. The m ixture was heated a t 100° for 1 0  min., filtered, and poured into 
water (200 c.c.). The solid separating crystallised from glacial acetic acid as prisms (2-0 g.), 
m. p. 177° undepressed by adm ixture with the thiolsulphonate from (a).
When reduction was attem pted with a large excess of zinc dust and hydrochloric acid, a 
white polymeric substance was obtained.
(c) With hydriodic-acetic acid. A solution of the disulphonyl chloride (2 g.) in boiling glacial 
acetic acid (30 c.c.) was treated with hydriodic acid {d 1-7) (20 c.c.) and glacial acetic acid 
(20 C.C.). The m ixture was boiled and then left to cool for 24 hr. The product resembled th a t 
obtained by using excess of zinc and hydrochloric acid.
Reduction of the Thiolsulphonate.— (a) The thiolsulphonate (0-5 g.) was dissolved in boiling 
glacial acetic acid (10 c.c.), and 55% w/w hydriodic acid (10 c.c.) added. After 5 min. the 
mixture was cooled and 4 : 6 : 4 ' :  Q'-tetramethyldiphenyl-2 : 2'-dithiol crystallised. I t  separated 
from glacial acetic acid in rectangular plates, m. p. 138— 139° (Found : C, 71-2 ; H, 6-7 ; S, 
22-1. CjgHigSo requires C, 70-0; H, 6 -6 ; S, 23-4%). I t  was soluble in alkali bu t readily 
oxidised in air to an alkali-insoluble product.
(6 ) Reduction w ith lithium aluminium hydride in ethereal solution gave 2'-mercapto- 
•i : G : 4 ':  6'-ietramethyldiphenyl-2-sulphinic acid {Found : C, 63-7; H. 6-1; S, 20-4. CigH^gOaS, 
requires C, 63*1, H, 5-9; S, 20-9%). M éthylation of this substance with m ethyl sulphate in 
alkaline solution gave methyl 4 : 6 : 4 ' :  G'-tetramethyl-2'-methylthio-2-diphenylyl sulphone, 
plates, m. p .  146— 147 (from butan-l-ol) (Found : C, 65-0; H, 6-7. CigHo.ÜgS, requires 
C, 64-7; H. 6 -6 %).
Optical Resolution o f Strychnine 4 : 6 : 4 ' :  G'-Tetramethyldiphenyl-2 : 2'-disulphonate.— 
Strychnine (6 6 - 8 8  g., 2  mol.) was dissolved in water ( 2  1.) containing concentrated hydrochloric 
acid (7-3 g., 2  mol.) by boiling. Anhydrous sodium 4 : 6 : 4 ' :  6 '-tetram ethyldiphenyl- 2  : 2 '- 
disulphonate (41-4 g., 1 mol.), dissolved in water (400 c.c.), was added to the hot solution. 
A precipitate suddenly separated. The mixture was kept overnight and then filtered. The
solid was dried in a vacuum  a t 67° and crystallised from m ethanol (10 1.) as rhombs (25 g.), 
m. p. 340° (decomp.), - 1 0 0 -0 ° (± 0 5 ° ) , - 9 6  0 ° (±0-5°) {c 1-0310 in C H C y.
R ecrystallisation of this {-)-base {—)-acld salt from a large volume of m ethanol did not affect 
the specific rotation (Found : C, 65-2; H, 6  3. Cg8Hg,OiQN^S2,2 CH3'OH requires C, 65-3; 
H, 6-4%).
The first aqueous filtrate was concentrated to  400 c.c. An oil separated. This was isolated 
by decanting off the m other-liquor and washing the residue twice w ith a little water. The 
washings were added to the mother-liquor, and the solution was concentrated to 200 c.c. More 
oil separated. The combined oils, after being washed, were then dried in a vacuum. The 
alm ost pure solid {-)-base {-]-)-acid salt so obtained was very soluble in w ater and in 
cold m ethanol (yield 25 g. ; m. p. 270° (decomp. ; softening a t  250°), [a]g5o\ -70-5° (±0-5°), 
-61 -0° (±0-5°) {c 1-0905 in CHCIJ} (Found : C. 61-2; H, 6-4. Cg8HG2 0 ioN4S2,6 HgO 
requires C, 61-2; H, 6-2%).
Sodium  ( —)-4 : 6  : 4 ' : G'-Tetraniethyldiphenyl-2 : 2'-disulphonate.—A chloroform solution of 
the (—)-base ( —)-acid salt ( 2 2  g.) was thrice extracted w ith 1 0 % aqueous sodium hydroxide 
(in all about 400 c.c.). The combined alkaline solutions were extracted  with chloroform until 
the la tte r had no optical activity. The alkaline solution was neutralised w ith concentrated 
hydrochloric acid and evaporated in a vacuum  on a w ater-bath. The residual solid was dried 
a t 120— 130° for 2 hr. and then extracted  with ho t absolute ethanol until the ex tract ceased to  
possess optical activity. The ethanol solution (about 1 1.) was filtered and concentrated to  
about 150 c.c. On cooling, the disodium ( —)-salt separated as needles (8-5 g.). A fter being 
dried in a vacuum it had [a]^% -39 -0° (±0-5°), -35-0° (±0-5°) [c 1-1015 in H /) ) ,  and
Wsisi ±9-5° (±0-5°), [a]|% ±8-0° (±0-5°) [c 0-968 in absolute EtO H). Evaporation of the 
ethanolic m other-liquor gave 3-0 g. of almost pure ( — )-salt.
Sodium  (± )-4  : 6  : 4 ' : G’-Tetramethyldiphenyl-2 : 2'-disulphonate.— From the ( —)-base 
(± )-ac id  salt (22 g.), sodium (± )-sa lt was obtained, having ±40-5° (±0-5°),
± 35-0° (±0-5°) {c 1-0870 in H.O), and -9 -5 °  (±0-5°), -9 -0 °  (±0-5°) {c 0-9680 in
EtOH).
R otations in aqueous ethanol are tabulated.
Effect of adding water to absolute ethanol solutions (20 ml. ; c 0-968 ; / =  2) 
of sodium 4 : 6 : 4 ' :  W-tetraynetkyldiphenyl-2 : 2'-disulphonates.
Added Added
water ( - ) i-Salt (±)-Salt water (-)-S alt (±)-Salt
(ml.) C e , C e, „ 1 8* 5 7 9 1 (ml.) * 5 4 6 1 « 2 0* 5 7 0 1 * 5 4 6 1 * 5 7 9 1
0 -0 + 0-18° ±0-15° -0-19° -0-17° 2-5 -0 4 1 ° -0-39° ±0-40° ± 0  35'
0-1 4  0-13 ± 0 -1 0 - 0  12 - 0 -1 2 3-0 -0-42 —0-40 ±0-41 ±0-36
0-3 ± 0 -0 2 0 -0 0 — — 3-5 -0-43 —0-41 — —
0-5 -0-07 — 0-06 0 -0 0 ± 0 -0 1 4-0 -0-44 -0-41 ±0-43 ±0-39
0-7 -0-13 -0-13 ±0-09 ±0-06 5-0 -0-42 -0-39 ±0-40 ±0-35
1-0 - 0 -2 2 - 0 -2 1 +  0-19 ±0-15 7-0 -0-39 -0-37 ±0-37 ±0-32
1-5 -0-32 -0 3 1 ±0-30 ±0-25 9-0 - 0 3 6 - 0  34 ±0-34 ± 0 3 1
2  0 - 0  39 - 0 3 7 ±0-36 ±0-31 1 1 -0 - 0 3 2 - 0  31 ± 0  32 ±0-29
Error ±  0-01°.
—— A so lu tion  of th e  sodium  sa lt in w ater, w ith  ± 0 -5 6 °  and as,j,i ± 0 -4 9 °  {/ =  2), w as
h eated  for 26 hr. in a sealed tub e a t 180— 200° and a lthou gh  th e  resu lting  so lu tion  w as s lig h tly  
turbid  th e rotation  was unchanged.
Active  4 : 6 : 4 ' :  G'-Tetramethyldiphenyl-2  : 2'-disulphonyl Chlorides.— A nh ydrous sod ium  
( — )-tetram eth y ld ip h en y ld isu lp h on ate  (6 g.) w as treated  w ith  an equal w eig h t o f  phosphorus  
pentachloride, th e  procedure being as for th e ( ± )-m a ter ia l. T h e { —)-chloride crysta llised  
from glacial acetic  acid in yellow  needles (2-7 g.), m . p. 165°, [%]^i —94 5° ( ± 0  5°), [a]|?s„ 
- 8 3 - 5 °  (± 0 -5 ° )  (r 1-0300 in C H C y  (Found : C, 46-7; H , 4-1% ).
T h e (-y)-chloride. ob tained  from  th e sodium  (+ )-su lp h o n a te  and phosphorus p entachloride, 
had m . p. 165°, ± 9 5  0° (± 0 -5 ° ) . F Æ  ± 8 3  5° (± 0 -5 ° )  {c 1-0415 in  CH Cy (F o u n d :
C, 47 5 ; 11 ,4-2% ).
4 : 6 : 4 ' :  G'-Tetram ethyldiphenyl-2  : 2 '-disulphonanilides .— ( — ) - 4  : 6 : 4' : 6 - T e tr a m eth y l-  
diph en yl-2  : 2 '-d isu lphonyl chloride w as heated  in previously  d istilled  an ilin e for |  hr. a t  100°. 
T h e m ixtu re form ed w as poured in to  d ilu te  hydrochloric acid , and th e  so lid  filtered, w ashed , and  
dried. T h e {-\-)-anilide  crystallised  from  eth anol in prism s, m . p. 218— 219°, [ a ] ^ ,  ± 2 3 8 °  (±1® ) 
{c 0-4220 in CH Cy (Found : N, 5-2%).
The { -y a n ilid e  had m. p. 218— 219°, [a]“ ei -237-0° (±1°) {c 0-4250 in CHClg) (Found : 
N , 5-2% ).
A solution of the ( +  )-dianilide in «i-nitrotoluene with agjgi 4 0-43° and ag-gi 4-0-35° was 
boiled under reflux for 2|- hr. The cooled solution had unchanged rotation.
4 : 6 : 4 ' :  G'-T etramethyldiphenyl-2 : 2'-thiolsulphonate ( 1 : 3 : 8 :  \G-Tetramethyldibenzo[ce]-
dithiin  5 : 5-Dio.xide).— Finely powdered ( —)-4 : 6 : 4' : 6 '-tetram ethyldiphenyl-2 : 2'-disulphonyl 
chloride (1-8 g.) was shaken a t the  tem perature of a boiling-water bath  w ith 30% aqueous 
sodium sulphite solution (100 c.c.) and 10% aqueous sodium hydroxide (10 c.c.), dissolving 
conqiletely in 3 hr. The solution was filtered, cooled, acidified with 50% sulphuric acid 
(about 100 C.C. ) ,  and heated on a boiling-water bath  until all the oil th a t separated had solidified 
(about hr.). The m ixture was cooled and the solid filtered off, dried in a vacuum, and crystal­
lised from butan-l-o l (about 10 c.c.). The {-\-)-thiolsulphonate so obtained, after being dried 
in a vacuum  (0-7 g.), had m. p. 178— 178-5°, +253-0° (±1°), +188-0° (±1°)
(6' 0-5705 in C H C lg )  (Found : C . 62-9; H ,  5-6%).
The [—)-thiolsulphonate (0-7 g. from 1-7 g.) had m. p. 178— 178-5°, —252°, [a]g°,ji
-1 9 0 °  (±1°) [c 0-5385 in C H C lg )  (Found : C , 63-0; H ,  5-3%).
The rate of racém isation in boiling ethylbenzene was measured for a solution (25 c.c.) 
containing 0-0833 g. of ( — )-thiolsulphonate. The tem perature was rapidly raised to the b. p. 
and after a suitable interval the solution was rapidly cooled to room tem perature. Polari- 
metric readings were taken a t 21° and the solution then rapidly heated to the b. p., and so on. 
*5461 {I =  -) fell from -1 -4 9 ° to 0°, and from —1-12° to 0° in 143 min. From a logarithmic 
plot, k was found to  be 2-8 (±0-2) x 10“  ^min."^ and the half-life 24 ±  1 min.
The ra te  of racémisation in boiling toluene was measured for a solution (25 c.c.) containing 
0-0878 g. of the ( +  )-thiolsulphonate. From  a logarithmic plot, k was found to  be
2-38 (±0-02) X 10-3 min.-i and the half-life 291 ±  2 min.
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5 . D ia r y l-2 : 2 '-disulj)honic A cids and Related Com'pounds. P art 
111.^ Optical A ctiv ity  and 0])tical S tability  in  the 1 : V-D inaphthyl 
Series.
By W. L. F. A r m a r e g o  and E. E. T u r n e r .
The m ixture of the diastereoisomeric distrychnine salts of 1 : I'-di- 
naph thy l - 2  : 2'-disulphonic acid has been resolved. The disodium salt of the 
active acid possesses very high optical stability. The active 2 ; 2'-di- 
sulphonyl dichlorides have been reduced to  the active cyclic 2  ; 2 '-thiol- 
sulphonates and 2  : 2'-disulphides. The thiolsulphonate exhibits anomalous 
optical dispersion. In  boiling tetra lin  solution (206-8°) the thiolsulphonate 
has a half-life of 26 min., which is approxim ately equal to  the half-life of 
“ 4 : 6 : 4 ' :  6  '-tetram ethyldiphenyl- 2 : 2 '-thiolsulphonate “ in boiling ethyl­
benzene (136°).
D i p h e n y l - 2  : 2 ' - d i s u l p h o n y l  d i c h l o r i d e s  which are unsubstituted in the 6 : ex­
positions are readily converted into 2 : 2'-dimercaptodiphenyls and thence into cyclic 
2 : 2'-disulphides (dibenzo[ca]dithiins) From 4 : 6 : 4 ' :  6'-tetramethyldiphenyl-2 : 2'- 
disulphonyl dichloride, however, polymeric material was obtained  ^ instead of the 
expected dimercapto-derivative, and we failed to find a workable route to the corre­
sponding cyclic 2: 2'-disulphide. On the other hand, the tetramethyldiphenyldi- 
sulphonyl dichloride was readily reduced to the unstable 2 : 2'-disulphinic acid, which 
passed smoothly into the cyclic 2 : 2'-thiolsulphonate.
It appeared to us that a valuable addition to this set of facts might be obtained from 
an examination of compounds in which one of the rings in naphthalene was acting as the 
6- and the 6'-substituent. Phenyl 1 : T-dinaphthyl-2 : 2'-disulphonate (I ; R =  SOg'OPh) 
was obtained by heating phenyl l-iodonaphthalene-2-sulphonate with copper. Boiling 
M-butanolic sodium w-butoxide  ^ converted the ester in high yield into the disodium salt 
(R =  SOgNa). The corresponding dipotassium salt was described by Barber and Smiles ^
R
I
(11)
as resulting from the action of copper powder on boiling aqueous potassium 1-iodo- 
naphthalene-2-sulphonate in presence of copper sulphate. The yield obtained was 
evidently low and later authors  ^ failed to isolate any dinaphthyldisulphonate by this 
method. From the dipotassium salt. Barber and Smiles obtained 1 : l'-dinaphthyl-2 : 2'- 
disulphonyl dichloride (I ; R =  SOgCl) and recorded that the latter, when reduced with 
zinc and hydrochloric acid, suffered reductive scission, giving 2-mercaptonaphthalene. 
This we regarded as unlikely and we have been unable to observe it. It seems probable 
that the disulphonyl dichloride used by Barber and Smiles contained naphthalene-2- 
sulphonyl chloride, which was the source of their 2-mercaptonaphthalene.
When equivalent aqueous solutions of disodium 1 : l'-dinaphthyl-2 : 2'-disulphonate 
and strychnine hydrochloride were mixed, the diastereoisomeric pair of alkaloidal salts 
was precipitated. The solid was dried, and repeatedly extracted with boiling methanol 
until the optical rotation of the residue became constant. The less soluble salt was
* Part II, / . ,  1956, 3668.
almost pure (-f-)-acid (—)-base. From the methanolic extracts the almost pure (—)-acid 
(—)-base was isolated. From these two salts the two disodium salts were obtained and 
were, without purification, treated with phosphorus pentachloride. The (+ )-disodium 
salt gave (—)-l : l'-dinaphthyl-2 : 2 '-disulphonyl dichloride (I ; R =  SOgCl) with 
—26° 0-5° and —21° ±  0 5°. The (—)-disodium salt gave the (-f)-dichloride,
with [a]|^ 6i +25-5° ±  0 5° and -{-21° ±  0-5°. Reduction of the (—)-dichloride with 
hydriodic-acetic acid gave (—)-disulphide (11 ; R =  R' =  S) with —777° d: 1° and 
W5791 —748° ±  1°. The corresponding (-f)-disulphide had 4-775° ±  1° and 
-f 748° 4i 1°- Reduction of the (—)-dichloride with zinc and hydrochloric acid gave a 
mixture of (—)-2 : 2'-dimercapto-l : 1'-dinaphthyl and the (—)-disulphide. No 1 : 1'- 
bond fission occurred. The (-{-)-disulphide was reduced by zinc and hydrochloric acid to 
(-|-)-2  : 2 '-dimercapto-l : 1'-dinaphthyl and this in turn was oxidised by ethanolic ferric 
chloride solution to strongly active (-}-)-2 : 2 '-disulphide.
Reduction of the cyclic disulphide with zinc and hydrogen chloride in acetone 
gave the 55-wopropylidene derivative of 2 : 2'-dimercapto-l : 1'-dinaphthyl (11 ; R — R' =  
•S'CMeg-S*). The optically active products from the (—)- and the (+)-2 : 2'-disulphide 
had -368° 4: 1°, -329° 4: 1°, and M::,, -{-367° 4: 1°, 4-327° 4:1°,
respectively.
Barber and Smiles  ^ prepared the disulphide (11 ; R =  R' =  S) by reducing the 
disulphonyl dichloride with alkaline sodium sulphite, acidifying the mixture, and, without 
purifying the product, which they assumed was the cyclic thiolsulphonate, heating it with 
hydriodic-acetic acid. We find that their unpurified first product must in fact have been 
1 : l'-dinaphthyl-2 : 2'-disulphinic acid, and that this is only slowly affected by boiling 
dilute sulphuric .acid, in which it is very sparingly soluble. Boiling in glacial acetic acid 
solution readily effected conversion into the 2 : 2'-thiolsulphonate. The optically active 
disulphonyl dichlorides led to disulphinic acids which were sufficiently soluble in boiling 
dilute sulphuric acid to pass smoothly in this reagent into the optically active 2 : 2'-thiol- 
sulphonates. The latter exhibit marked anomalous dispersion, as is seen from the 
annexed figures.
Mlgo? M5791 M546I M4358
( - ) - “ 1 ; l'-Dinaphthyl-2 : 2'-thiolsulphonate ” -217° ±  2° -204'^ 4; 1° -169° ±  1° -{-1159° ±  5°
{c 0-1980 in CHCI3)
(+ ) .” 1 : r-Dinaphthyl-2 : 2'-thiolsulphonate ” -f216° 4; 2° -{-204° ±  1° -f 170° ±  1° -1151° ±  5°
(c 0-2080 in CHCI3)
The rotation approached zero with the blue mercury lines (A 4960, 4916).
(—)-Sodium 1 : l'-dinaphthyl-2 : 2'-disulphonate proved, as was expected, -^® to have 
high optical stability. The rotation of an aqueous solution was unchanged at 190— 
200° for 10 hr. 1 : l'-Dinaphth-2 ; 2'-ylene disulphide, unfortunately, underwent chemical 
change in boiling ethylbenzene (137-6°) and in boiling pseudocumene (171-2°). In the 
former solvent the rotation decreased during the first 2 hr. in a manner to be expected for
a racémisation, but then increased linearly on heating further for 24 hr., reaching and then
passing its original rotation in 9 hr. In the pseudocumene the rotation decreased during 
the first 2 hr. but then remained constant. Schonberg, Rupp, and Gumlich ® stated that 
diphenylene disulphide could dissociate reversibly into a biradical in solution. Hence it is 
very probable that the dinaphthylene disulphide dissociates into a biradical. This would 
be expected to have higher optical stability than the cyclic disulphide since in the latter the 
repulsive forces have been overcome during the formation of the S-S link. The SS-iso- 
propylidene derivative of 2 : 2'-dimercapto-l : T-dinaphthyl did not racemise in boiling 
mesitylene (166°) during 4J hr. but lost 5% of its optical activity during 4 | hr. in boiling 
tetralin (207°). Similarly 1 : l'-dinaphthyl-2 : 2'-thiolsulphonate underwent no racémis­
ation in boiling ethylbenzene (136°) during 4 hr., but racemised completely in mesitylene 
at 200°, having lost half of its activity after about the first 30 min. In boiling tetralin 
(206-8°) the thiolsulphonate racemised with a half-life of 26 (dil) minutes. The half-life
at 206*8° is thus approximately equal to that of “ 4 : 6 : 4' : 6'-tetramethyldiphenyl-2 : 2'- 
thiolsulphonate ” in boiling ethylbenzene (136°).
The preparation of dibenzothiophens by heating 2 : 2'-diarylene disulphides (dibenzo- 
[cejdithiins) with copper bronze was found to be satisfactory when diaryl-2 : 2'-thiol- 
sulphonates (dibenzo[eg]dithiin 5 : 5-dioxides) were used.  ^ The reaction of copper bronze 
and '‘ 4 : 6 : 4 ' ;  6'-tetramethyldiphenyl-2 : 2'-thiolsulphonate " ( 1 : 3 : 8 :  10-tetramethyl- 
dibenzoMdithiin 5 : 5-dioxide) (III ; R =  Me) was investigated and the tetramethyldi- 
benzothiophen was oxidised to a dioxide. The constitution of this dioxide was established 
by a different synthesis. Phenyl 4 : 6 : 2 ' :  4'-tetramethyldiphenyl-2-sulphonate was 
prepared by an unsymmetrical Ullmann reaction on phenyl 2-iodo-3 : 5-dimethylbenzene­
sulphonate and 4-iodo-w-xylene. The ester was hydrolysed and the monosulphonic acid
J*5
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converted into 4 : 6 : 2 ' :  4'-tetramethyldiphenyl-2-sulphonyl chloride. The latter cyclised 
to 2 : 4 : 5 :  7-tetramethyldibenzothiophen 9-dioxide (IV) which was identical with the 
previous thiophen dioxide.
Ultraviolet absorption spectra.
(Wavelengths in parentheses denote inflections.)
Compound m^in. m^in. ^max. m^ax. n^iin. Emin.
“ Diphenyl-2 : 2'-thiolsulphonate” (III; R =H ) 
" 4 : 6 : 4 ' :  6'-Tetramethyldiphenyl-2 : ^'-thiol­
sulphonate ” (III ; R -  Me) ...........................
--- --- 2230 32,900 2480 5550
2160 18,900 2338 38,000 — —
Compound m^ax. Sniax. ■^inin. Emin. Amax. Emax.
" Diphenyl-2: 2'-thiolsulphonate ’’ (III ; R =  H) 
" 4 : 6 : 4 ' :  6 ' -Tetramethyldiphenyl-2 : 2 '-thiol­
2610 7650 2810 5350 2960 6600
sulphonate ” (III ; R =  Me) ........................... (2670) (6850) 2835 4200 3020 5950
The presence of the -SOg-S* groups in “ diaryl-2 : 2'-thiolsulphonates ” was demonstrated 
by the formation of these compounds by the direct oxidation of the disulphides  ^and by 
mild reduction of the disulphides.^ This group was thus shown to be present in (III; 
R =  H) and (II; R =  S, R' =  SOg). Reduction of 4 : 6 : 4 ' :  6'-tetramethyldiphenyl- 
2 : 2'-disulphonyl dichloride was shown to give an unstable 2 : 2'-disulphinic acid  ^which 
cyclised to the corresponding 2 : 2'-thiolsulphonate. As 4 : 6 : 4' : 6'-tetramethyl-2 : 2'-di-
plienylene disulphide could not be prepared  ^ further evidence for the structure of (III ; 
R =  Me) was desirable. The optically active thiolsulphonate has a half-life period of 
24 min.2 at 136°, i.e., about half that of 9 : lO-dihydro-3 : 4-5 : 6-dibenzophenanthrene at 
the same temperature,^ and very much less than that of any of the diaryls with a seven- 
membered ring bridging the 2 : 2'-positions.®> Other evidence against structures such as 
-S*0*S- for the thiolsulphonate link involving higher-membered rings, e.g., seven, was 
obtained from a comparative study of the ultraviolet absorption spectra of the compounds 
(III ; R =  H and Me) and (V).
( I l l )
“ Diphenyl-2 : 2'-thiolsulphonate ” (III ; R =  H) shows a very high intensity band at 
223 m(jL and two bands of lower intensity at longer wavelengths (see Figure). The tetra- 
methyl derivative (III ; R =  Me) shows a similar spectrum with a general shift towards 
longer wavelengths and an increase in intensity of the principal band such as might be 
expected to accompany the introduction of the four methyl groups. The similarity of 
the two spectra indicates that the same ring structure is almost certainly present in both 
compounds (III; R =  H and Me).
E x p e r i m e n t a l
In  all polarim etric readings I =  2\ B .P. grade chloroform was used unless otherwise stated .
Phenyl \-Iodonaphthalene-2-sulphonate.— 526 G. of sodium l-iodonaphthalene-2-sulphonate 
were prepared from 80 g. batches of sodium l-aminonaphthalene-2-sulphonate. The yields 
were similar to those previously recorded.^ All the former sodium salt was converted into the 
corresponding sulphonyl chloride by using an equivalent quan tity  of phosphorus pentachloride. 
I t  was practicable to  use as much as 200 g. of the sodium salt in one batch. The crude iodo- 
sulphonyl chloride was crystallised from glacial acetic acid ; it recrystallised from light 
petroleum  (b. p. 100— 120°) as colourless needles, m. p. 94— 95 (yield 356 g., 6 8 %). The 
second crystallisation removed a violet by-product.
An intim ate m ixture of l-iodonaphthalene-2-sulphonyl chloride (176 g., 1 mol.), phenol 
(94 g., 2 mol.), and anhydrous sodium carbonate (79 g., 1-i mol.) was heated on a boiling-water 
b a th  for 1 hr. and then poured into ice-cold water. The precipitate was washed successively 
w ith dilute sodium carbonate, water, 2N-hydrochloric acid, and water. The dried phenyl 
\-iodonaphthalene-2-siilphonaie then crystallised from glacial acetic acid as flat colourless 
needles (yield from 311 g. ; 352 g., 98%), m. p. 139° (Found : C , 46 3; H, 2 5. CieHnOglS 
requires C , 46-8 ; H, 2-7%).
Diphenyl 1 : V-Dinaphthyl-2 ; 2'-disulphonate.— Phenyl l-iodonaphthalene-2-sulphonate (137 
g.) was heated in a m etal-bath kept a t  150— 160° and copper bronze (70 g.) stirred in, the 
tem perature being kept below 300°. W hen the vigorous reaction was over, the ester was 
extracted w ith chlorobenzene. The extract was filtered and concentrated to a small volume. 
On cooling, diphenyl 1 : V-dinaphihyl-2 ; 2'-disulphonate separated in small rhombs. A fter 
being recrystallised from glacial acetic acid it had m. p. 196— 197° (yield from 352 g. : 202 g., 
83%) (Found : C , 67 3 ; H, 4 0% ; M , in boiling benzene, 551. requires C , 67*8;
H, 3 9% ; M . 566).
Di-2-naphthyl Disulphide.—W hen l-iodonaphthalene-2-sulphonyl chloride was reduced 
w ith excess of hydriodic acid (55% w/w) in boiling glacial acetic acid, the disulphide, m. p. 139° 
(lit., 139°), was obtained in 40% yield.
Disodium  1 : V-Dinaphthyl-2 : 2'-disulphonate.—To a boiling solution of diphenyl 1 ; I'-di- 
naphthyl-2 : 2'-disulphonate (56 6  g., 1 mol.) in butan-l-o l (2-5 1.) was added a solution of 
freshly cut sodium (9-2 g., 4 atom-equiv.) in butan-l-o l (500 ml.). The m ixture was boiled for 
45 min. Most of the disodium salt had then separated, b u t heating was continued for another 
If- hr. The solution was then concentrated to  ca. 100 ml., poured into w ater (500 ml.), and 
acidified w ith 2N-hydrochloric acid. Phenol was extracted w ith ether, and the aqueous layer
neutralised (Congo-red) w ith 10% sodium hydroxide solution and concentrated until a solid 
crystallised. F u rther concentration gave impure disulphonate. The overall yield from 202 g. 
of diester was 148 g. (anhydrous), 90%.
1 : V-Dinaphthyl-2 : 2'-disulphonyl Dichloride.—This was obtained from the anhydrous 
disodium salt (43 0 g.), phosphorus pentachloride (43 0 g.), and phosphorus oxychloride (5 ml.). 
I t  crystallised from glacial acetic acid in long pale yellow needles, m. p. 203— 204° (Barber and 
Smiles  ^ gave 2 0 2 — 203°) (yield, 38 0  g., 89-6%).
\\V -D inaphthylene 2 \ 2'-Disulphide {Dinaphtho[2,\-c, V ,2'-€\dithiin) (II;  R  =  R ' =  S). 
— A solution of I : F-dinaphthyl-2 : 2'-disulphonyl dichloride (4-0 g.) in boiling glacial acetic 
acid (70 ml.) and hydriodic acid (55% w /w ; 65 ml.) was allowed to  cool to  room tem perature 
overnight. I t  was poured into water. The precipitate was freed from iodine by  shaking it  
w ith warm sodium hydrogen sulphite solution ; it crystallised from glacial acetic acid (250 ml.) 
as small bright yellow needles, m. p. 213— 214° (Barber and Smiles  ^ gave m. p. 214°) (2-5 g., 
82%).
SS-isoPropylidene Derivative of 2 : 2'-Dimercapto-\ : V-dinaphthyl (4 : VDimethyldinaphtho- 
[2 , 1 -b 1 ', 2 '-d ][l, Z'jdithiepine).—Through a solution of 1 : 1 '-dinaphthylene 2  : 2 '-disulphide 
(1-5 g.) in acetone (300 ml. ; " AnalaR ") containing zinc dust (2-0 g.) was passed a steady stream  
of dry  hydrogen chloride. The gas did not react vigorously w ith the zinc and occasional 
heating on a w ater-bath  was necessary to keep the solution boiling. A fter 20 min. the solution 
alm ost lost its yellow colour and the zinc had dissolved. In  the next 20 min. the colour of the 
solution changed from pale yellow to orange and finally to scarlet. H eating and the passage of 
hydrogen chloride was continued for another 1|- hr. Acetone was distilled off and the residue 
poured into w ater (600 ml.), saturated  w ith sodium chloride, and the organic layer th a t 
separated extracted  w ith ether until the extracts were colourless. The ethereal extracts were 
washed twice w ith 10% sodium carbonate solution, then w ith brine, and dried (NagSOJ. The 
ether was distilled off and the residue allowed to  cool. The solid mercaptol crystallised in large 
rhombs. This was tritu ra ted  w ith small volumes of ethanol, filtered off, washed w ith ethanol, 
and recrystallised from butan-l-o l, forming colourless rhombs, m. p. 186— 187° (0-90 g., 53%) 
(Found : C, 77-5; H, 5-3; S, 17-7. C^HigSg requires C, 77-0; H, 5-1; S, 17-9%).
1 : V-Dinaphthyl-2 : 2'-disulphinic Acid.—A m ixture of 1 : 1 '-d inaphthyl- 2  : 2 '-disulphonyl 
dichloride (5-0 g.), 30% aqueous sodium sulphite (400 ml.), and 10% aqueous sodium hydroxide 
(50 ml.) was shaken on a boiling-water bath  for 2 hr. The solution obtained was filtered from 
a  little  unchanged disulphonyl dichloride, acidified w ith 4n-sulphuric acid (100 ml. excess), 
and heated on a boiling-water b a th  for 2 hr. The solid th a t separated was filtered off, washed 
w ith water, and dried (yield, 3-1 g., 71%). I t  could not be crystallised from common solvents 
and was partia lly  soluble in cold 10% aqueous sodium hydroxide. I t  dissolved completely in 
the boiling alkali and was precipitated by dilute acid. The crude solid was crystalline (colour­
less needles) and melted a t 165— 167° w ith blackening and loss of sulphur dioxide [Found : 
C, 62-0; H, 3-6. C20H 14O.JS0 requires C, 62-8; H, 3-7%). H eating a suspension of this
disulphinic acid (1-4 g., crude) in 4N-sulphuric acid (600 ml.) containing 55% w/w hydriodic acid 
(0 - 2  ml.) for 2 |- hr. on a boiling-water bath  did not convert it into the thiolsulphonate. 
Reduction with hydriodic-acetic acid converted it into the cyclic disulphide.
1 : V-Dinaphthyl-2 : 2'-thiolsulphonate " {Dinaphtho{2, 1-c, 1', 2'-e]dithiin 3 : ^-Dioxide). 
—The above disulphinic acid (0 - 7  g.) could not be crystallised directly from glacial acetic acid 
but, after the acetic acid solution had been boiled for 1 0  min., the thiolsulphonate separated as 
pale yellow, highly refracting needles, m. p. 198— 199° (0-5 g., 79%) (Found : C, 6 8 - 6  ; H , 3-6; 
S, 18-5. C20H 12O2S2 requires C, 69-0; H, 3-5; S, 18-4%).
Optical Resolution o f Distrychnine 1 : V-Dinaphthyl-2 : 2'-disulphonate.—Disodium 1 : 1 '-d i­
naph thy l- 2  : 2 '-disulphonate (6 8 - 7  g., 1 -5  mol.) in w ater (1  1.) was added to  a boiling solution 
of finely powdered strychnine (100-3 g., 3 mol.) in 0-iN-hydrochloric acid (3 1., 3 mol.). The 
m ixture was allowed to  cool overnight and the distrychnine salt was then  filtered off (yield, 
118 g.). This crop “ A ” had M^^6i-55-3°, -46-7°. I t  was extracted  w ith m ethanol
(3 1. in all) un til the insoluble residue showed no decrease in specific rotation. I t  was alm ost 
pure [-\-)-acid { — )-base, m. p. 294— 296° (decomp.) w ith darkening a t 270° (yield 64-0 g.), 
M s L  -2 3 °  ± 0 -5 ° , -1 8 °  ± 0 -5 °  {c 1-1040) (Found; C, 64-9; H, 5-7; N, 4-9.
C62H 5 8 0 ioN4S2,4 H 2 0  requires C, 64-5; H, 5-8; N, 4-9%).
The m ethanolic solution was evaporated to  dryness and the residue recrystallised from 
m ethanol to  constant specific rotation. Thus alm ost pure [-)-a c id  {-)-hase  was obtained.
having m. p. 296— 300° (decomp.) w ith darkening a t 280° (yield 37 0 g.), —127° ±  0 5°,
MH79i -1 0 9 °  ± 0 -5 °  {c 1-0820) (Found: C, 66-0; H, 5-4; N, 4-7. CGaHB80ioN4Sg.3MeOH 
requires C, 66-2; H, 6-0 ; N, 4-75%).
The aqueous m other-liquor from the precipitation of “ A ” was concentrated and by 
recrystallisation from m ethanol of the crystalline solid th a t was isolated a further 10-0 g. of 
alm ost pure ( —)-acid ( —)-base was obtained. F urther concentration of the aqueous filtrate 
gave m ixtures containing the racemate.
{ — V-DinaphtJiy 1-2 \ 2'-disulphonyl Dichloride.—All crops of the (± )-ac id  ( —)-base 
w ith [a]g4ei —23° (62 g.) were dissolved in chloroform (500 ml.), shaken w ith 2% sodium 
hydroxide solution (250 ml.), and then again shaken w ith 2% sodium hydroxide solution 
(120 ml.). The alkaline extracts were combined and extracted  w ith chloroform until the 
ex tract was optically inactive. This alkaline solution was carefully neutralised (pH 7-0), 
evaporated to  dryness, and dried for 30 min. a t 120— 130° [yield of crude (+)-disodium  1 : 1'- 
dinaphthyl-2 : 2'-disulphonate, 43-0 g.].
A m ixture of anhydrous (±)-disodium  1 : 1'-dinaphthyl-2 : 2'-disulphonate (43-0 g., crude) 
and phosphorus pentachloride (43-0 g.) was heated on a boiling-water b a th  for 30 min., then 
poured into ice-cold water. The precipitated dichloride was filtered and dried in vacuo (KOH). 
I t  crystallised from glacial acetic acid in needles, m. p. 248— 249° (decomp.) (13-0 g., 1st crop), 
M lm  -2 6 °  ± 0 -5 ° , [a]2ig, -2 1 °  ± 0 -5 °  {c 1-0870) (Found: C, 52-9; H, 2-8. CggHigO^ClgSg 
requires C, 53-2; H, 2-7%).
\ V-Dinaphthyl-2 \ 2'-disulphonyl Dichloride.— All crops of ( —)-acid ( —)-base w ith
[a]s4 6 i higher than  —122° (42 g.) were dissolved in chloroform (400 ml.) and extracted w ith 2% 
sodium hydroxide solution (240 ml. in all) and trea ted  as in the previous experim ent. The 
yield of dry crude ( — )-disodium 1: 1'-dinaphthyl-2 : 2'-disulphonate was 42 g. The ( —)- 
disodium salt was trea ted  w ith an equal weight of phosphorus pentachloride and the (± ) - l  : 1'- 
dinaphihyl-2 : 2'-disulpho7iyl dichloride purified from glacial acetic acid, forming needles, m. p. 
248— 249° (decomp.) (12 g.), ±25-5° ±  0-5°, [a]|^gi ± 2 1 ° ±  0-5° [c 1-1950) (Found : C.
53-0; H, 2-6%).
Atteifipted Racemisatiofi of { — )-Disodium  1 : V-Dhiaphthyl-2 : 2'-disulphonate.—An aqueous 
solution of the ( —)-disodium salt w ith %54g4 -0 -25° and -0 -20° was heated in a sealed tube 
a t 190— 200° for 10 hr. The ro tation of the solution was unchanged.
( —)-l  : V-Dinaphthylene 2 : 2'-Disulphide.—A solution of ( —)-l : 1 '-dinaphthyl-2 : 2'-di- 
sulphonyl dichloride (5-4 g.) in boiling-acetic acid (170 ml.) and 55% w/w hydriodic acid (130 ml.) 
was allowed to  cool to room tem perature during 24 hr. The dithiin was treated  as in the case 
of the racemic compound and recrystallised to  optical pu rity  from a  large volume of glacial 
acetic acid [ca. 700 ml.) ; it  formed bright yellow needles, m. p. 262— 263° (rapid heating) 
(3-4 g.), -7 7 7 °  ±  1 °, [a]2,%-748° ±  1° [c 0-5140) (Found : C, 76-1; H. 3-7. C^Hi^Sg
requires C, 75-9; H, 3-8%).
(± ) - l  : y -Dinaphthylene 2 : 2'-Disulphide.—The (±)-disulphonyl dichloride was trea ted  
w ith hydriodic-acetic acid as in the case of its enantiomorph, and the {-{-)-disulphide was 
crystallised from glacial acetic acid to  optical purity, yielding bright yellow needles, m. p. 262— 
263° (rapid heating), [«]|3g, ±775° ±  1°, ±748° ±  1° (c 0-4480) (Found : C, 76-1; H,
36% ).
Attempted Racémisation o f ( —)-l : V-Dmaphthylene 2 : 2'-Disulphide.— {a) A solution of the 
( —)-disulphide in boiling ethylbenzene (137-6°) w ith «5464 -7 -16° was heated. The rotation 
decreased during the first 2 hr. to  a 546i —5-95° and then increased steadily. After 15 hours' 
boiling a 54S4 was -7-67°. As heating was continued an offensive odour developed.
(6 ) In  boiling ^sgw^focumene (171-2°) a solution w ith 0C5464 —2-14° showed a decrease in 
optical activity  during the first 3 hr. to  —1-49° b u t the rotation remained a t th a t value
when heating was continued for 13 hr.
{ — )-SS-isoPropylidene Derivative of 2 : 2'-Dimercapto-\ : I'-dinaphthyl.—Through a solution 
of ( —)-l : 1'-dinaphthylene 2 : 2'-disulphide (1-5 g.) in boiling acetone (300 ml., “ AnalaR ” ) 
containing zinc dust (2 - 0  g.) was bubbled dry hydrogen chloride, and the reaction was completed 
as in the case of the racemic compound. The dark  orange paste obtained after removal of the 
ether did not crystallise, and dissolved completely in ethanol. The paste was dissolved in light 
petroleum (b. p. 60— 80°; 150 ml.) and purified by passing it through a column of alum ina 
(1-7 X 20 cm.) and developed w ith light petroleum (b. p. 60— 80°). The purification was 
studied optically. Evaporation of the highly optically active light petroleum solutions gave a
pale yellow paste which crystallised to  colourless prisms overnight. These were tritu ra ted  w ith 
ethanol, and filtered off ; they  crystallised from butan-l-o l as small prisms, m. p. 155— 156° (1-0 g.). 
The yield was very low when all the solutions were concentrated by distilling off the solvent on 
a w ater-bath  a t  100°, and one chromatographic purification was insufficient. B etter yields 
were obtained when the solutions were concentrated in  vacuo. The mercaptol had 
-3 6 8 °  ±  1°, [a]2^9i -3 2 9 °  ±  1° [c 0-4725) (Found: C, 76-7; H, 4-9. requires C,
77-0; H, 5-1%).
( ± ) - l  : 1'-D inaphthyl-2 : 2'-disulphide gave the {-{-)-mercaptol, which crystallised from 
b u tan -l-o l in small prisms, m. p. 155— 156°, +367° ±  1°, +327° ±  1° (c 0-3500)
(Found : C, 76-5; H, 5-0%).
Attempted racémisation, {a) No racémisation took place after boiling (166°) a mesitylene 
solution («5404  -3-37°) of the m ercaptol for 4 |  hr.
(6) W hen a solution of the ( +  )-compound in boiling tetralin  (207°) w ith (%5 ;g4 +2-25° was 
heated for 4^ hr. a small fall [ca. 5%) in ro tation occurred.
( —)-2 : 2'-Dimercapto-l : V-dinaphthyl.—The disulphonyl dichloride (2-5 g. ; [a]g4g4 -23-8°) 
dissolved in boiling glacial acetic acid (400 ml.) containing excess of zinc dust (10 g.) was cooled 
and slowly treated  w ith concentrated hydrochloric acid (50 ml.). After m ost of the  zinc had 
dissolved, the  solution was filtered, poured into ice-cold w ater (1 1.), and saturated  w ith sodium 
chloride. The solution was extracted  w ith ether, and the ex tract shaken w ith  10% aqueous 
sodium hydroxide until the ethereal layer was alkaline. The aqueous layer was acidified w ith 
concentrated hydrochloric acid, and the dithiol allowed to  coagulate. The white solid was 
filtered off, washed w ith water, and dried in  vacuo (yield 0-6 g., 36% ; m. p. ca. 100°). This had 
WIfoi - 3 3 f  ±  1°, -3 2 »  ±  1» (c 0-4980).
The ethereal solution was dried (CaClg) and the ether distilled off. The yellow residue of 
disulphide crystallised in bright yellow needles (from glacial acetic acid), m. p. 258— 260° (0-3 g., 
18%), M ::G 4-63F , M:%4 - 5 9 5 ° (co-0 9 9 0 ).
(+ )-2  : 2'-Dhnercapto-l : V-dinaphthyl.—The disulphide (2-0 g.) in glacial acetic acid 
(400 ml.) was reduced w ith zinc dust (4-0 g.) and concentrated hydrochloric acid (25 ml-.), 
filtered, and poured into water. The white alkali-soluble solid th a t separated was filtered off, 
washed, and dried ; it had m. p. ca. 100° (1-3 g., 65%), [a]°^g4 + 67° ±  1°, + 66° +  1°
{c 0-5690).
Oxidation o f (+ )-2  : 2'-Dimercapto-\ : -dinaphthyl.—A solution of the (+ )-d ith io l (0-2 g.) 
in boiling ethanol (50 ml.) was treated  w ith anhydrous fem e chloride (3-0 g.) and heated on a 
boiling-water b a th  for I  hr. On cooling, a solid separated. I t  was filtered off and dried ; it 
crystallised from glacial acetic acid in bright yellow needles, m. p. 261— 262° (0-14 g., 70%), 
M liei 4-750°, M:^g4 +720° (c 0-1500).
" ( —)-l : V-Dinaphthyl-2 : 2'-thiolsulphonate.”—Finely powdered ( —)-l  : I '-d inaphthyl- 
2 : 2'-disulphonyl dichloride (2-0 g.), 30% aqueous sodium sulphite (140 ml.), and 10% aqueous 
sodium  hydroxide (20 ml.) were shaken a t  ca. 100° for 2 hr. The solution was filtered, acidified 
w ith 2N-sulphuric acid (100 ml. ; excess), and heated on a boiling-water bath  for 1^ hr. The solid 
th a t  was precipitated was filtered off, washed, dried, and crystallised from m ethanol ; i t  formed 
pale yellow needles (0-7 g.), m. p. 162°. The rotation approached zero w ith blue (mercury) light 
(F ound: C, 68-4; H, 4-0. C20H 42O2S2 requires C, 69-0 ; H , 3-5%). For ro tations see p.
" ( +  )-l : V-Dmaphthyl-2 : 2'-thiolsulpho7iate ” was prepared as its enantiom orph from the 
( +  )-disulphonyl dichloride and formed pale yellow needles, m. p. 162° (Found : C, 69-0 ; H,
3-5%). For rotations see p.
Racémisation, (a) No racémisation occurred when a solution of the ( + ) -compound in boiling 
ethylbenzene (135-8°) w ith  a g 7g4 +1-69° was heated for 4 |  hr.
[b) A solution of the ( —)-compound in mesitylene w ith %5;g 4 1-13° racemised completely 
after 2 hr. when heated in a  sealed tube a t 200° (+2°). I t  lost about half its ac tiv ity  after the 
first 30 min.
[c) The ra te  of racémisation in boiling tetralin  (206-8°) was measured by using a solution 
(25 ml.) of the (+)-com pound. This was raised rapidly to  its b. p. and after suitable intervals 
was cooled rapidly w ith water. Polarim etric readings were taken a t  20° and the solution 
returned to  the flask and re-heated for a further period. 0(5 ,84  fell from +0-80° to  0 ° during 
2 hr. : k was 2-7(+0-2) x  1 0 "^  min.“  ^ and the half-life 26 +  1 min.
[d) The ra te  of racém isation in boiling tetra lin  (207-7°) was repeated w ith the ( —)-enan­
tiom orph : was 2-8(+0-2) x  10"  ^min."i and g^.5 25 +  1 min.
2 : 4 : 5 :  1 -Tetrameihyldihenzothioplmi.— 4 : 6  : 4' : 6 '-“ T etram ethyldiphenyl-2 : 2 '-th io l­
sulphonate ” 2 (1 - 0  g.) was heated w ith copper bronze (2-0 g.) a t 250— 260° for 2 hr. Sulphur 
dioxide was evolved. Distillation a t 20 mm. gave a yellow oil which slowly became a waxy 
yellow solid. This dibe^izothioplmi crystallised from light petroleum (b. p. 60— 80° and 80— 
100°) in long pale yellow needles, m. p. 121— 122° (0-3 g., 37%) (Found: C, 80-0; H, 7-1. 
CieHigS requires C, 80-0; H, 6-7%).
Phe7iyl 4 : 6 : 2 ' :  4:'-Tetramethyldiphe7iyl-2-sulpho7iate.— Phenyl 2-iodo-3 : 5-dimethylbenzene­
sulphonate “ (38-8 g., 1 mol.) was heated in 4-iodo-w-xylene (46-4 g., 2 mol. ; prepared from m-4- 
xylidine) w ith copper bronze (50 g.) in a bath  a t 180— 190°. The vigorous reaction was over in 
10 min. After extraction with hot chloroform and separation of insoluble m aterial the crude 
product was obtained as a residue by distilling off the chloroform. This was poured into w ater 
and excess of iodoxylene removed by steam -distillation. The solid residual ester was filtered off, 
dried, and crystallised several times from ethanol and finally from butan-l-ol, forming short 
colourless needles, m. p. 90— 91° (19-0 g., 52%) (Found : C, 72-0; H, 6-3. C20H 22O3S requires
C. 72-1; H, 6-1%).
4 : 6 : 2 ' :  4:'-Teiramethyldiphe7iyl-2-sulpho-nyl Chloride.—A m ixture of phenyl 4 : 6  : 2' : 4'- 
tetram ethyldiphenyl-2 -sulphonate (1 2 - 2  g., 1 mol.) in absolute ethanol ( 1 0 0  ml.) w ith a solution 
of sodium ethoxide (1-5 g., 2 mol., of sodium in 50 ml. of alcohol) was boiled under reflux. After 
2  hr. the reaction was not complete since a portion of the solution gave a white precipitate w ith 
water. A further quan tity  of sodium ethoxide (2 mol.) in ethanol was added and boiling 
continued for another 2  hr. E thanol was distilled off, the residue poured into w ater and 
acidified, phenol extracted w ith ether, and the aqueous layer concentrated to a small volume. 
A solid crystallised in silver flakes (5-2 g. ; anhydrous).
The sulphonic acid (5-2 g.) was heated w ith phosphorus pentachloride (5-2 g.) on a water- 
bath  for 10 min. The m ixture was poured into w ater and the pasty  sulpho7iyl chloride isolated 
and dried in a vacuum-desiccator (KOH). I t  crystallised from toluene in fine white needles, 
m. p. 128— 130° (0-9 g., 16%) (Found : S, 10-4. C i6H i,0 2 ClS requires S, 10-4%).
2 : 4 : 5 :  l-Tetramethyldibenzothiopheyi 9 : ^-Dioxide.— (a) A m ixture of 4 : 6 : 2 ' :  4'-te tra ­
methyldiphenyl-2-sulphonyl chloride (0-50 g.), tetrachloroethane (25 ml.), and anhydrous 
aluminium chloride (0-35 g.) was heated on a  boiling-water bath  for 30 min. The reaction was 
vigorous a t first and the solution became pale green w ith violet fluorescence. The reaction 
was completed by keeping a t room tem perature for 4 hr. The solution was then diluted w ith 
w ater (100 ml.) and tetrachloroethane distilled off in steam. The residue was cooled and the 
solid product collected, dried, and crystallised from glacial acetic acid, forming long white 
needles, m. p. 304— 305° (0-3 g., 6 8 %) (Found : C, 71-0; H, 6-2 ; S, 11-6. C16H 16O2S requires
C, 70-6; H, 5-9; S, 11-8%).
(5) A solution of 2 : 4 : 5 : 7-tetram ethyldibenzothiophen (0-12 g.), obtained from (II ; R  =  
Me), in boiling glacial acetic acid (10 ml.) was added to  3% aqueous potassium perm anganate 
(10 ml.), and the m ixture kept for 10 min. The solution was decolorised w ith sodium hydrogen 
sulphite solution, and the white solid dioxide filtered off and crystallised from glacial acetic acid, 
forming long white needles (0-1 g., 74%), m. p. 304— 305° (mixed m. p. 303— 305°).
3 : 6-Dimethylbenzenèsulphonyl Chloride.— 2-Diazo-3 : 5-dimethylbenzenesulphonate was re­
duced w ith absolute ethanol containing ca. 1 g. of copper bronze and sodium 3 : 5-dim ethyl­
benzenesulphonate was isolated in the usual manner. The anhydrous salt and an equal weight 
of phosphorus pentachloride were heated together on a boiling-water bath  for 2 0  min., then 
poured into cold water, and the solid sulphonyl chloride was isolated, dried, and crystallised 
from light petroleum (b. p. 60— 80°) ; it  formed yellow needles, m. p. 94° (Moschner ® gave m. p. 
89— 90° ; Armstrong and Wilson ® gave m, p. 94°). The overall yield of the sulphonyl chloride 
from 62 g. of diazo-salt was 41%.
Phenyl 3 : 5-dimethylbenzenesulphonate was obtained from the sulphonyl chloride and phenol 
in dry  pyridine. I t  crystallised from ethanol in rhombs, m. p. 68— 69° (Found : S, 11-7. 
C14H 14O3S requires S, 12-2%).
3 : 5-Dimethylphenyl 3 : 5-Dimethylbenzenethiolsulphonate (V).— 3 : 5-Dimethylbenzenesulph- 
onyl chloride (1-8 g.) was shaken w ith a solution of sodium sulphite (40 ml. containing 8  g.) and 
made alkaline w ith 10% sodium hydroxide solution (30 ml.). The m ixture was kept a tca . 100° 
until all the solid dissolved. The solution was then filtered and acidified with dilute hydrochloric 
acid ( 1 0  ml. ; 50% excess). The whole was kept a t ca. 100° until all the solid coagulated. 
The dioxide was then filtered off and dried ; i t  crystallised from glacial acetic acid as colourless
needles, m. p. 116— 117° (0*9 g.) (Found: C, 62 4; H, 5 7 ; S, 20-8. CjgHigOgSg requires C, 
62 8  ; H, 5 9 ; S, 20-9%). U ltraviolet absorp tion : X i^n. 232 mp, e 12,000; Xm^ x. 236-5 mp, 
E 12,300; XmiH. 275 mp, e 4800; X^nx. 281 mp, e 5000.
1 : 3 : 8 :  \0-Tetyamethyldihenzo\ce]dithiin.— (a) A solution of 3 : 5-dimethylbenzenesulphonyl 
chloride (5-0 g.) in ethanol (100 ml.) containing zinc dust (19-6 g.) was cooled to  0°. Con­
centrated  hydrochloric acid (25 ml.) was added slowly and the tem perature of the solution kept 
a t  1 0 °. The m ixture was kept a t room tem perature for 4 hr., then heated on a boiling- 
w ater bath  for 30 min., and anhydrous ferric chloride (10 g.) was added. Pouring the whole 
into w ater precipitated an oil, which solidified, and was filtered off, washed, and dried. I t  crystal­
lised from ethanol in waxy prisms, m. p. 35— 36° (1-5 g., 45%).
(6 ) The sulphonyl chloride (2-0 g.) in boiling acetic acid (20 ml.) was added to  hydriodic acid 
{d 1-7; 20 ml.) and left in the dark for 24 hr. The solution was poured into ice-cold water 
satu ra ted  w ith sulphur dioxide, and the waxy solid collected, dried, and crystallised from 
ethanol ; the dithiin  formed prisms, m. p. and mixed m. p. 36— 37° (1-0 g., 38%) (Found : C, 
69-7; H, 6 -6 ; S, 23-8. requires C, 70-0; H, 6 -6 ; S, 23-4%).
{c) A solution of the thiolsulphonate (0-5 g.) in boiling acetic acid (10 ml.) and 55% w /w  
hydriodic acid (10 ml.) was boiled for 5 min., and kept a t room tem perature for 2 hr. The 
m ixture was treated  as in [h) and the product was extracted w ith ether, as it could not be isolated 
as a solid. The ex tract was dried (CaClg) and the ether distilled off. The oily residue solidified 
on cooling (yield, 0-35 g., 77%) and had m. p. and mixed m. p. 35— 36°.
Reduction of 4 : S-Dimethyldibenzo[ce]dithiin followed by Condensation of the Dithiol with 
Carbon Disulphide.—The disulphide (2-0 g.) in ethanol (150 ml.) was reduced w ith zinc dust and 
concentrated hydrochloric acid until the yellow colour of the solution was discharged. The 
alcoholic solution was poured into w ater (600 ml.) and treated  with 2 N-hydrochloric acid ; 
the excess of zinc was washed w ith ethanol, and the washings were added to  the aqueous 
solution. The oil th a t  separated was extracted w ith ether, the ethereal solution dried (Na^SOJ, 
and the ether distilled off. The residual oil solidified when cooled w ith solid carbon dioxide.
The oil was dissolved in 10% sodium hydroxide solution (40 ml.), and excess of carbon 
disulphide (20 ml.) was added. The m ixture was boiled under reflux for 2  hr. and excess of 
carbon disulphide distilled off. Cooling of the alkaline solution caused 4 : 4t-dimethyl-2 : 2'-di- 
phenylene trithiocarbonate to separate as a red solid. This was filtered off, dried, and crystal­
lised from ethanol or glacial acetic acid, forming orange-red needles, m. p. 177— 178° (0-4 g., 
18%) (Found : C, 62-4; H, 4-2; S, 32-8. C45H 42S3 requires C, 62-5; H, 4-2; S. 33-3%).
Ultraviolet Absorption Spectra.— The compounds used were dissolved in chloroform (1  ml. ; 
" B .P. grade ") and the solutions made up to 100 ml. w ith 95% ethanol. The spectra were 
m easured on a  Unicam S.P. 500 spectrophotom eter.
We are indebted to  Dr. D. M. Hall for helpful discussions. We thank  Bedford College for a 
post-graduate studentship (to W. L. F. A.).
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500. Triazaindenes (Diazaindolizines). The Site of Protonation
By W. L .  F. A r m a r e g o
I'hc syntheses of 1 ,3a,4-, 1,3a,5-, l,3a,6-, and 1,3 a,7-triazaindenes and 
their 2,3-dihydro-derivatives are described. Ionisation and ultraviolet 
spectra measurem ents indicate th a t in each case protonation occurs on N-1.
Evidence is given th a t 1,2,3a- and 2 -m ethyl-1 ,3,3a-triazaindene cations are 
also protonated on N-1, b u t 1 ,2,7a-triazaindene cation is protonated  on N-2.
P r o t o n a t i o n  of indolizine (I) was shown by nuclear magnetic resonance spectroscopy to 
take place on C-3 with the formation of the cation (II) d Alkylindolizines also gave a 
cation similar to (II) when the alkyl groups were in positions other than on C-3.^ *^  How­
ever, protonation occurred on C-1 when C-3 was substituted whh a methyl group (e.g., 
in 3-methyl-, 2,3-, and 3,7-dimethyl-indolizines).  ^ It was also shown that in three mono- 
azaindolizines {i.e., 1,3a-, 2,3a-, and l,7a-diazaindenes) protonation took place on the 
non-bridgehead nitrogen atom irrespective of its position in the molecule.- In each
(I)
diazaindene a resonance-stabilised cation was formed which accounted for its high basic 
strength.2 This investigation has now been extended to include the six triazaindenes 
(diazaindolizines) which have in common the structure (III) and in which the carbon atoms 
(excluding only C-7a) arc in turn replaced by the third nitrogen atom. Four of these are 
new. It will be shown that in all cases protonation occurs predominantly on N-1. The
2,3-dihydro-derivatives of l,3a,4-, l,3a,5-, 1,3a,6-, and 1,3a,7-triazaindenes were also 
prepared and it was shown that their cations are protonated on the imino-nitrogen atom 
N-1.
Ionisation Measurements.—The pAT values of fifteen azaindenes were measured and 
they are given in Table 1. The neutral species of indolizine and its aza-derivatives are 
planar molecules and protonation takes place on C-3 and on the non-bridgehead nitrogen 
atoms respectively, otherwise if protonation occurs on the bridgehead nitrogen atom it 
would result in considerable distortion of the molecules. Resonance structures can be 
written for all the seven possible monoazaindolizine (diazaindene) cations. The above three 
diazaindene cations are stabilised by resonance.- The cation of the fourth example, 3a,6-di- 
azaindene, studied in this work, has the structure (IV) in agreement with its basic strength
H
(Va)
f r >
(Yb)
G>“
(Via) (VI b)
(pAa, 6 28; compare indolizine pA'a 3-94-). By analogy similar resonance structures 
should be possible for the remaining three diazaindene cations. In all such structures 
the bridgehead nitrogen atom shares some of the positive charge given to the molecule by 
protonation.
In the triazaindenes protonation can take place on either of the two non-bridgehead 
nitrogen atoms. l,2,3a-Triazaindene can form the two cations, (V) or (VI). It cannot 
readily be said which cation is formed, although from theoretical considerations (V) is 
preferred because a fully conjugated pyridine ring (Vb) is present in one of the forms con­
tributing to the resonance. The difference in pA„ values between 1,3a-diaza- (6-79) and
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l,2,3a-triaza-indenes (3-18) is 3*61, whereas the difference between 2,3a-diaza- (5-54) and 
l,2,3a-triaza-indene, 2-36, is somewhat less. Imidazole (p/Fi 6-95)  ^is a stronger base than 
1,2,4-triazole (pi a^ 2-30)  ^ by 4-65 pH units indicating a large base-weakening effect due 
to the third ring nitrogen atom. Although this favours the larger difference, i.e., the cation 
(V), and also in this molecule N-1 would be more basic than N-2, a small quantity of the 
cation (VI) cannot be excluded. In 2-methyl-1,3,3a-triazaindene, the two possible cations
(VII) and (VIII) each have one fully conjugated pyridine canonical form. The effect of
(VII)
H
G N
> M e
. N
(VIII)
the methyl group in this compound cannot be very large (compare 1,2,4-triazole pA  ^2-30 
and 3,5-dimethyl-1,2,4-triazole p/v„ 3-79).  ^ 2-Methyl-1,3,3a-triazaindene cation which has 
a pAT value of 2-96 has most probably the structure (VII). It is a stronger base then 
I,7a-diazaindene (pAT T43) “ and the pA  ^lowering effect of N-I (estimated as >3) would 
prevent a value above zero being obtained, even when allowing as much as I pH unit for 
the base-strengthening effect of the methyl group. The methyltriazaindene is a weaker 
base than I,3a-diazaindene by (6-79—2-96) 3 83 pH units and is compatible with the added 
effects of the methyl group and N-3 on the latter. The 1,2,7a-triazaindene cation can be 
either (IX) or (X). Although structure (IX) has a resonance form with a fully con­
jugated pyridine ring, structure (X) is favoured. Its pA  ^ value of 0-42 is I and 5 pH
V - N - n I
(IX)
units weaker than 1,7a- and 2,3a-diazaindene, respectively. Hence the cation of I,2,7a-tri- 
azaindene must have a structure similar to 2,3a-diazaindene cation because a large base- 
weakening effect is observed by inserting the third nitrogen atom (compare imidazole, 
6-95 and 1,2,3-triazole, TI7;  ^ also benzimidazole, 5-53, and benzotriazole, T6).®
1,3a,4-, I,3a,5-, 1,3a,6-, and l,3a,7-Triazaindenes have pAT values which are closely 
similar (see Table I). This suggests that the resonance stabilisations in the cations are to 
a large extent similar to each other, there being little stabilisation of this type in the neutral 
species. The structure (XI) is common, to all the cations of the triazaindenes in which
(3^)
the nitrogen atom in the pyridine ring of (XI) replaces the carbon atoms C-4, C-5, C-6, or 
C-7. The only contribution of the extra nitrogen atom in the pyridine ring is to lower 
the basic strength. The largest effect is observed in I,3a,6-triazaindene and it is not 
surprising because of the three bases pyridazine, pyrimidine, and pyrazine (pAV values: 
2-33, T30,® and 0-65,'^  respectively), the second nitrogen atom in pyrazine has the largest 
base-weakening effect on the pyridine ring. On the other hand, if protonation occurs on 
the nitrogen atom in the pyridine ring, the cations would have resonance stabilisations of 
two general types involving, (a) an or^Ao-quinonoid structure, e.g., (XII) and (XV), and 
(b) a /)«m-quinonoid structure, e.g., (XIII) and (XIV). It was shown in the cations of 
amino-derivatives of A-lieterocycles (e.g., pyridines, quinolines, isoquinolines, acridines, 
and cinnolines), that where ^ ara-quinonoid structures were possible a large base-strengthen- 
(500)
ing effect was obser\ ed, but where only or//io-quinonoid structures were possible the effects 
were comparatively small.®-® This property was attributed to the higher stability of the 
/)ffm-quinonoid over the o/'/Z/o-quinonoid structures. The pA"a value differences between 
the four triazaindenes are not large enough to account for these structures and the pA'a 
values do not follow the order: (XIII) and (XIV) >  (XII) and (XV). Therefore proton­
ation in all cases must be on N-I to give the common structure (XI) in which, unlike the 
quinonoid structures, one canonical form has a full}' conjugated pyridine ring.
(XU)
<—>
(XIV)
(XIII)
N
<-
(XV)
The possibility that the cations of these four triazaindenes are hydrated (covalent) 
across a C=N bond was not o\ erlooked because the number of nitrogen atoms in indolizine 
was increased and because in each case considerable resonance stabilisation would be 
present in the hydrated cation \e.g., in (X\T) by guanidinium resonance]. These are two 
essential properties of heterocyclic compounds that undergo reversible cod aient hydration.-* 
However, there was no hydration in I,3a,7-triazaindene because no unstable hydrated 
species was detected by rapid reaction methods,^® and also by comparison with its 4,0-di- 
methyl deri\ ative (the methyl groups being in positions where hydration was most likely 
to occur), its pA'a value was not abnormally high (cf. ref. 10). Similarities with this isomer 
in pA;^  values and ultraviolet spectra (see below) excluded the possibility of covalent 
h\ dration in the other three triazaindenes.
2.3-Dihvdro-l ,3a-diaza-, and I,3a,4-, 1,3a,5-, 1,3a,6-, and I,3a,7-triaza-indenes are all 
strong bases with pA.^  values >8-8 (see Table I) and are to be considered as imino­
compounds. 1 he}' are all protonated on N-I to give the cation (XVII).
< — >
(XVII)
+
NH;
M eN .
NHi
MeNt
( X V I I I )
The following pairs have similar pA  ^ values: 2,3-dihydro-I,3a-diazaindene (12-51) and
I,2-dihydro-2-imino-I-methylpyridine (12-2),^  ^ and 2,3-dihydro-I,3a-7-triazaindene (10-15) 
and I,2-dihydro-2-imino-I-methylpyrimidine (10-75) (because their cations have similar 
structures) but not 2,3-dihydro-1,3a,5-triazaindene (8-83) and I,4-dihydro-4-imino-I-methyl- 
pyrimidine (12-2) (because the cation of the latter (XVIII) is different). The true 
analogue is the unknown I,6-dihydro-6-imino-I-methylpyrimidine. The base-weakening 
effect of the nitrogen atom in positions 4, 5, 6, and 7 of 2,3-dihydro-I,3a-diazaindene, viz.,
2-5, 3-7, 3-2, and 2*3 pH units, is comparable with the base-weakening caused by sub­
stituting a nitrogen atom in the positions 6, 5, 4, and 3 of 2-aminopyridine (cf. ref. 13), 
viz., T7, 3-2, 3-8, and 3-4. but the respective order is not the same and can be attributed to 
protonation on the same site (N-1) in the dihydroindenes, but not in the aminodiazines.^®
I,2-Dihydro-3//-indolizinium perchlorate has no pAV value below 14. This is con­
sistent with the difficulty in removing a proton from C-I or C-3 to give the neutral species.
The ionisation constants of all the above triazaindenes cannot be discussed in more 
detail because even though protonation gives predominantly one cation, as in any polyaza- 
heterocyclic system, the small amount of cationic species protonated on the less basic
nitrogen atoms is not known, and yet must have some small effect on the overall ionisation 
constants.
Ultraviolet Spectra.—The spectra of fifteen azaindenes were measured and are given 
in Table 1. The spectra of 1,2,3a-, 2-methyl-1,3,3a-, and l,2,7a-triazaindenes cannot be 
used to confirm the site of protonation because their cations have spectra that are all quite 
similar to each other and to 1,3a-, 2,3a-, and l,7a-diazaindene cations (see ref. 2). Unlike 
the spectra of these azaindenes, the spectrum of the neutral species of 3a,6-diazaindene in 
water is similar to that of the neutral species of indolizine and its alkyl derivatives, and is 
typical, i.e., it consists generally of three main bands, the second of which is made up of 
one or two peaks.  ^ The spectrum of 3a,6-diazaindene cation is similar to that of its 
neutral species but is wholly displaced to longer wavelengths. It differs from that of
3-methylindolizinium cation which has only two main bands,  ^ and is supporting evidence 
that protonation does not occur on C-I and must therefore occur on N-6.
The spectra of the neutral species of I,3a,4-, I,3a,5-, I,3a,6-, and l,3a,7-triazaindene arc 
\Tiy similar to that of indolizine. As is typical of nonpolar solvents, the spectra in cyclo- 
hexane reveal more fine structure than those observed in water. Here it must be pointed 
out that the typical spectrum of the neutral species of indolizine is considerably altered 
when C-I and/or C-3 is replaced by a ring nitrogen atom (i.e., in 1,3a- and 1,7a-diazaindene) 
but not when C-6 is replaced by a nitrogen atom (i.e., 3a,6-diazaindene) (see ref. 14 for a 
discussion of these effects). However, when a carbon atom in the pyridine ring of l,3a-di- 
azaindene is replaced by a third nitrogen atom to give the above triazaindenes, the typical 
indolizine spectrum is restored. The spectra of 1,3a,5-, I,3a,6-, 1,3a,7-, and 4,6-dimethyl- 
I,3a,7-triaza-indene cations are also similar to that of 3-methylindolizine cation, i.e., a 
large Iwpsochromic shift is observed on passing from the neutral species to the cation. 
This confirms the ionisation data and that they are all protonated on the same site—namely 
N-I. The spectral changes from neutral species to cation in 1,3a,4-triazaindene are smaller 
than the above and less typical. Nevertheless, unlike the protonation of 3a,6-diazaindene 
which produces a bathochromic shift, protonation of I,3a,4-triazaindene causes a h\'pso- 
chromic shift in the spectrum.
The large hypsochromic shifts observed above in the triazaindenes on protonation are 
due to the change in the electronic structure of the chromophore to (XI) and not to the 
formation of a hydrated cation, e.g., (XVI). This is because the spectral changes on proton­
ation of 4,6-dimethyl-I,3a,7-triazaindene (where the methyl groups are expected to decrease 
hydration to a considerable extent) are almost identical with those observed in I,3a,7-tri- 
azaindene.
The spectra of the 2,3-dihydrotriazaindenes and their respective cations had two bands, 
and the long wavelength band in some cases moved into the visible spectrum. In all cases 
protonation caused a large hypsochromic shift of both bands. These spectral changes are 
consistent with the protonation of imino-structures because l,2-dihydro-2-imino-l-methyl- 
pvridine and pyrimidine, and 1,6-dihydro-6-imino-1,3-dimethylpyridazine show similar 
large hypsochromic shifts on protonation. In contrast 2-aminopyridine, 2-amino- 
pyrimidine, 2-aminopyrazine, 3-aminopyridazine, and 4-aminopyrimidine all show batho­
chromic shifts on protonation. These spectral changes are in agreement with the 
ionisation measurements which indicate that protonation of the 2,3-dihydroazaindenes is 
on N-I in each case. I,2-Dihydro-377-indolizinium cation had the typical a-picoline 
absorption band at ^264 mg.
Syntheses of Triazaindenes.—Two routes were attempted for the preparation of the 
triazaindenes with two nitrogen atoms in the six-membered ring. The first was un­
ambiguous and modelled on the synthesis of 1,3a-diazaindene,^® Wz., (XIX) —► (XX) — ►
(XXI). The reaction (XIX; R — OH) to (XX) with thionyl chloride proceeded without 
the separation of (XIX; R =  Cl) and the oxidation with alkaline potassium ferricyanide 
gave (XXI) in 56% yield. The starting material used for the preparation of I,3a,4-tri-
azaindene was 3-methylthiop}'ridazine because it was more stable than 3-chloropyridazine. 
It gave a good yield of the required 3-2'-hydroxyethylaminopyridazine with ethanolamine. 
With thionyl chloride the conesponding p-chloro-compound was obtained and cyclised to
2,3-dihydro-1,3a,4-triazaindenium chloride in boiling ethanol. Oxidation as described 
above gave a 5% yield of I,3a,4-triazaindene. 2,3-Dihydro-I,3a,5-triazaindene was 
prepared in a similar way starting from 4-methylthiopyrimidine. The latter was prepared
(XX) (XXI)
by méthylation of 4-mercaptopyrimidine which was in turn obtained in 58% yield by 
thiation of 4-hydrox\q)}Timidine. Previously 4-mercaptopyrimidine was prepared in 
18% overall \deld from 4-hydroxy pyrimidine via 4-chloropyrimidine hydrochloride followed 
by reaction with thiourea. Oxidation of 2,3-dihydro-l,3a,5-triazaindenium chloride as 
above failed to give any triazaindene. 2-Chloropyrazine and ethanolamine gave only a 
33% yield of 2-2'-hydroxyethylaminopyrazine and reflects on the sluggish reactivity of this 
chloro-compound. The reaction with thionyl chloride, unlike those described above, 
gave a considerable amount of tar and finally only a 6-5% yield of 2,3-dihydro-I,3a,6-tri- 
azaindenium chloride was obtained. An ethanolic solution of this salt darkened after 
standing at 20° for 4 hr. and more rapidly on warming. This dihydro-compound analysed 
for a monohydrate and was thought to be 2-2'-hydroxyethylaminopyrazine hydrochloride. 
However, it is undoubtedly the dihydroindenium chloride hydrate because its pA  ^ value 
was 9-32 as compared with 3-08 for the 2-^-hydroxy-compound and the ultraviolet spectra 
of the neutral species and cation, although different from those of the latter, were like those 
of the other 2,3-dihydrotriazaindenes examined (see above).
Starting from 2-chloropyrimidine, 2,3-dihydro-I,3a,7-triazaindenium chloride was 
obtained in high overall yield. In this series 2-2'-chloroethylaminopyrimidine was isolated 
and, in contrast with the direct méthylation of 2-aminopyrimidine with boiling methyl 
iodide in ethanol which gave only a 33% yield of methiodide after one hour, this chloro-
CH(OEc),
(X X ÏI) (X X III)
compound cychsed in >90% yield after being boiled for 30 min. in ethanol. Attempted 
oxidation of this dihydrotriazaindene to I,3a,7-triazaindene (XXIII) with ethanolic ferric 
chloride (2-2 mol.), triphenylmethyl perchlorate (I mol.), or lead tetra-acetate (TI mol.) in 
acetic acid failed. Alkaline ferricyanide under a variety of conditions destroyed some of 
the material but the rest was recovered unchanged. Silver oxide (8 mol.) in ethanol,' 
mercuric acetate (3 mol.) in 5% aqueous acetic acid, and alkaline potassium permanganate 
(1 mol.) destroyed aU the compound, whereas bromine (2 mol.) in acetic acid gave a poor 
yield of a high-melting solid.
The second route involved the preparation of the pp-diethoxyethylamino-heterocycle 
[d.g., (XXII)] followed by ring closure to the triazaindene [e.g., (XXIII)]. 4-Methylthio- 
pyrimidine wdth aminoacetaldehyde diethylacetal under reflux for 18 hr. was recovered 
unchanged, but 4-chloropyrimidine hydrochloride and the aminoacetal in boiling ethanol 
gave high f^ields of 4-(3(3-diethoxyethylaminopyrimidine contaminated with a little 1,3a,5-tri- 
azaindene. The crude mixture was cyclised wdth phosphorus oxychloride or concentrated 
sulphuric acid as described below. l,3a,6-Triazaindene, isolated as its perchlorate salt, 
was also obtained by this method in poor yield. Although in the above examples there is 
the possibility that ring closure may lead to a diazaindole instead of a diazaindolizine, i.e., 
cyclisation on to a carbon atom, the similarity of the ultraviolet spectra with that of
indolizine and compound (XXIII) (see above), and of the ionisation constants, clearly 
exclude this possibility. This alternative ring closure was not possible with compound
(XXII). Cyclisation of this compound with concentrated sulphuric acid gave the highest 
yield (50%) and the cleanest product. On the other hand, phosphorus oxychloride in 
boiling benzene for 15 min. to 3 hr., polyphosphoric acid at 100° for I hr., and boiling 
concentrated hydrochloric acid for 30 min. gave 17—21, 5, and 24% yields, respectively, 
of I,3a,7-triazaindene. 4,6-Dimethyl-I,3a,7-triazaindene was prepared similarly.
The following hygroscopic indenes were isolated and stored as their less hygroscopic and 
more stable perchlorate salts: 3a,6-diaza-, 1,2,3a-, 2-methyl-1,3-3a-triazaindenes, and
I,2-dihydro-3//-inolizinium bromide. These salts melted with slight (or even without) 
decomposition but I,2,7a-triazaindene perchlorate exploded violently on being warmed 
to 70°.
2-Aminopyridine was formylated with anhydrous formic acid in 10—15% fields (see 
ref. 18), but with acetic formic anhydride 2-formamidopyridine was obtained in high yield. 
With phosphorus pentasulphide it gave 2-thioformamidopyridine. An attempt to prepare 
A^-2-pyridylformamidine, and from this I,3,3a-triazaindene, by reaction of the thio-com- 
pound with ammonia at 120° for 2 hr., gave 2-aminopyridine. At room temperature the 
reaction was slow but after 48 hr. 2-aminopyridine was isolated and identified by its infrared 
spectrum.
E x p e r i m e n t a l
Microanalyses were made by Dr. J. E. Fildes and her staff. Evaporations were carried out 
in a ro tary  evaporator a t 30—40°/15 mm., and the purity  of m aterials was examined as 
before. All extracts were dried over anhydrous sodium sulphate, and light petroleum  (b. p. 
40— 60°) was used unless otherwise stated. 3a,6-Diazaindene,^° l,2,7a-triazaindene, 2-methyl- 
l,3,3a-triazaindene,2i 1,2,3 a - t r ia z a in d e n e , 2 ,3 -d ihydro-l,3 a-diazaindene , 22 and 1,2-dihydro- 
3//-indolizinium  bromide 3^ were prepared as in the references cited.
Analyses are given in Table 2.
4-Mercaptopyrimidine.—4-Hydroxypyrim idine (10 g.) and phosphorus pentasulphide (10 g.) 
in dry  pyridine (50 ml.) were refluxed for 1 hr., diluted w ith w ater (100 ml.), and evaporated. 
The residue was washed with water, dried, and crystallised from ethanol to  give 4-mercapto- 
pyrim idine (6 - 8  g., 58%) m. p. 186— 188° (lit..^"® 188°). W ith m ethyl iodide in x-sodium 
hydroxide i t  gave a 90% yield of 4-methylthiopyrimidine, b. p. 68°/0 9 mm. (lit.,^’*' 65% ydeld, 
b ' p. 86— 87°/12 mm.).
2-2'-Hydroxyethylaminopyridazine.— 3-M ethylthiopyridazine (3 78 g., 1 mol.) and ethanol­
amine (1  83 ml., 2  mol.) were heated a t 180° under reflux for 18 hr. (6 8 % of starting  m aterial 
was recovered after 2 hr.) and distilled to  give 2,2'-hydroxyeihylaminopyridazine (3 9 g., 94%), 
b. p. 204— 205°/0 2 mm., as a thick oil.
2-2'-Hydroxyethylaminopyrimidiyie.— 2-Chloropyrimidine (26 g., 1 mol.) and ethanolam ine 
(34 5 g., 2 5 mol.) in ethanol (150 ml.) were refluxed for 1 hr., the solvent evaporated, the 
residue poured into cold w ater (100 ml.) satura ted  with sodium chloride, the pH  adjusted to  
11 w ith 5x-sodium hydroxide, and the whole extracted  w ith chloroform (12 X 75 ml.). The 
dried ex tract was evaporated and the residue crystallised from benzene-light petroleum  to 
give 2-2'-hydroxyethylaniinopyriniidine (21-8 g., 70%), m. p. 77— 78°.
4-2'-Hydroxyeihylaminopyrimidine.— 4-M ethylthiopyrimidine (4 5 g.. 1 mol.) and ethanol­
amine (4-8 ml., 2 2 mol.) were heated a t 180° for 3 hr., worked up  as above, and the  residue 
was recrystallised from ethanol-light petroleum to  give 4-2'-hydroxyethylaminopyrimidine (2-3 g., 
46%), m. p. 119— 120°.
4,6-Dimethyl-2-2'-hydroxyethylaminopyrimidine.—This compound, m. p. 82— 83°, was 
prepared in 94% yield from 2 -chloro-4 ,6 -dimethylp>T*imidine 2» and ethanolam ine a t  180° for 
30 min. I t  was worked up as described above then sublimed a t 70°/0-3 mm. and crystallised 
from light petroleum  (b. p. 60—80°).
2-2'-Hydroxyethylannnopyrazine.— 2-ChIoropyrazine 7^ (2-8 g., 1 mol.) and ethanolamine 
(3 - 0  ml., 3  mol.) were heated a t  160— 180° under reflux for 2 j  hr., worked up  as described above 
and the  residue distilled a t 145°/0-5 mm. to  give 2-2'-hydroxyethylaminopyrazine (32%), m. p. 
68—69°, from benzene.
T a b l e  2
Found (%) Requires (%)
,--------- ''--------- \ t--------- *--------- \
Pyrimidine C H N Formula C IT N
2-2'-Hydroxyethylamino- ....................... 514 6-5 301 CgHyNgO 51S G-5 30 2
2-2'-Chloroethylamino-"........................... 4Ô-8 5 2 20 T CgHgClNg 45 7 5-1 2 0  7
2-(2,2-ITiethoxyethylamino)-................... 57 2 8-3 10 8  CiglTi^^aOo 50 0  8-1 10 0
4,0-Dimethyl-2-2'-hydroxyethylamino- 57 4 7 0 25 0 CyH,nN^U ' 57 5 7-8 25 1
2-(2,2-Diethoxyethylamino)-4,0-dimethyl* 00 2 8 05 —  ^ 00 2 8  85 —
4-2-Hydroxyethylamino-   52 1 0 5 30 4 CgHgNgO 51 8  0  5 30 2
Pyrazine
2-2'-Hvdroxvethvlamino- ....................... 52 0 0 0 20 0 CgHgNgO 51 8  0 5 30 2
2-(2',2'-Diethoxyethylamino)-*............... 54 I 7 0 10 2 C,gH].NgOg,3HgO 54 5 8-2 10-1
2,3-ri; hyd ro indene
1,3a-Diaza- (perch lo ra te ).......................... —- — 12 4 C.,H.jClNgO., — —• 12-7
l,3a,4-Triaza (hydrochloride) ‘‘ ............... 45-7 5-1 —■ CgHgClNg 45-7 5-1 —
1,3a,5-Triaza-(hydrochloride) '  ........... 45-5 5-1 — CgHgClNg 45-7 5-1 —
1,3a,0-Triaza- (hydrochloride) .................  41-4 5-7 23-0 CgHgClNg,H.O 41-0 5-7 23-0
1,3a,7-Triaza-(hydrochloride) T............... 45-0 5-1 — CgHgClNg 45-7 5-1 —
l,2-Dihydro-377-indolizinium perchlorate 43-4 4-5 0 3 CgHjgClNO, 43-7 4-0 0-4
Triazaindene
1,2,3a- (perchlorate)  ^ ............................... 33 I 2-8 — CgHgClNgO  ^ 32-8 2-75 —
2-Methvl-1.3,3a (perchlorate) ............... 35-8 3-55 18-0 C-HgClNgO  ^ 30-0 3-45 18-0
1,3a,4-* .......................................................... 54-0 5-1 32-1 CgHgNg.fHoO 54-3 4-0 31-7
1,3a,4- (perchlorate) * .................................  32-4 2-8 18-4 CgHgClNgO,,|H.,0 32-2 2-9 18-7
1,3a,5- .........................................................  00-5 4-11 34-0 CgHgNg 00-5 4-2 35-3
l,3a,0- (perchlorate) .................................  32-5 2-9 18-7 CgHgClNgO, 32-8 2-8 10-1
l,3a,7- .........................................................  00-5 4-3 35-3 CgHgNg 00-5 4-2 35-3
4,6-Dimethyl-l,3a,7-   05-0 0-2 28-0 CgHgNg 05-3 0-2 28-55
2-Thioformamidopyridine *   52-1 4-2 — CgHgNoS 52-1 4-4 —
“ Picrate found: Cl, 9-1 ; requires Cl, 9-2%. * Hygroscopic. ® Exploded during C and H
analysis. ''Found: Cl, 22-7; requires Cl, 22-5%. '’Found: Cl, 22-4; requires Cl, 22-5%. T Found : 
Cl, 22-7; requires Cl, 22-5%.  ^Found: Cl, 10-2; requires Cl, 10-15. * Found : S. 23-4; requires S,
23-2%.
2-2'-C}iloroethylamiriopyrimidine.— 2 -2 '-HydroxyethyIam inopyrim idine (21-8 g.) and chloro­
form (150 ml.) were trea ted  dropwise w ith redistilled thionyl chloride (17-6 ml.). After the 
vigorous reaction subsided the solution was refluxed for 15 min. and evaporated. The residue 
in w ater (300 ml.) was shaken for 5 min. w ith charcoal, the m ixture filtered, and the filtrate 
stirred with benzene (70 ml.) while sodium carbonate was added to  give a pH  of 1 0 . The benzene 
layer was separated and the aqueous solution extracted w ith benzene ( 6  x  70 ml.). The dried 
extracts were evaporated and '2-2'-chloroethylaminopyrimidine (19 g., 77%), m. p. 65—66° after 
crystallisation from light petroleum  (b. p. 60— 80°), was obtained.
W hen this chloro-compound (18 g.) in ethanol (100 ml.) was refluxed for 30 min. (separation 
of solid appeared complete after 10 min.) 2 ,3 -^ Zf/?y^Zrn-l,3 a ,7 -/r/rt^rt/«r/(?w/7«» chloride (92%) 
(decomp. >280°) was obtained and crystallised from ethanol.
Similarly, 2,Z-dihydro-\,Za.,4-, -l,3a,5-, and -\,^Vi,Çi-triazaindenium chlorides w ith m. p.s 
225— 226° (decomp.), 283— 284° (decomp.), and 207— 208° (decomp.) were prepared in 43, 21, 
6  5% overall yields, respectively, from the corresponding 2 -2 '-hydroxyethylam ino-com pound 
w ithout isolation of the interm ediate chloro-compound, and were crystallised from ethanol-light 
petroleum.
'2-{2,'2-Diethoxyethylamino)pyrimidine.-—2-Chloropyrimidine (6-0 g., 1 mol.), am inoacet­
aldehyde diethylacetal (15-3 g., 2-2 mol.), and sodium iodide (0-78 g., 0-1 mole) in ethanol (100 
ml.) were refluxed for 3 hr., and evaporated. The residue was treated  w ith w ater (10 ml.), 
extracted w ith chloroform, dried, the ex tract evaporated, and the residue distilled to  give
2-{2,2-diethoxyethylamino)pyrimidine (10 g., 99%), b. p. 134°/1 mm., 120°/0-3 mm., m. p. 51— 52°, 
which solidified and was crystallised from light petroleum.
Similarly, 4-[2,2-diethoxyethylamino)pyrimidine (72% yield), b. p. 120— 122°/0-3 mm., was 
prepared from 4-chloropyrimidine hydrochloride and aminoacetal (3-2 moles).
2-{2,2-Diethoxyethylamino)pyrazine.— 2-Chloropyrazine (5-2 g., 1 mol.) and am inoacet­
aldehyde diethylacetal (17-2 ml., 3 mol.) w'ere heated a t 140—150° under reflux for 24 hr., 
cooled, treated  w ith water, and extracted w ith chloroform in the m anner described above.
The residue was distilled to give 2-{'l,2-diethoxyeiliylamino)pyrazine (3-9 g., 40%), b, p. 109— 
l I l ° / 0 -2 mm.
Similarly, 2-{2,2-diethoxyeiliylaniinu)-4,V)-dii)ietkylpyriniidine (57% yield), b. p. 116— 117°/0-3 
mm., m. p. 53—55°, was obtained after 30 min. heating and was crystallised from light petroleum 
below- 0 °.
l/^3.,4:-Triazaindene.— 2,3-Dihydro-l,3a,4-triazaindenium  chloride (1 1 1  g.) and potassium 
ferricyanide (6-7 g.) in w ater (50 ml.) containing sodium hydrogen carbonate (3-7 g.) were heated 
a t 100° for 1 hr., cooled, and extracted  with chloroform. The dried ex tract was evaporated 
and the residue in benzene was purified through an alum ina column ( 1 x 5  in., B.Ü.H.) and the 
benzene eluates (white fluorescence under a m ercury lamp, 254 mp) were evaporated and the 
residue sublimed a t 30—35°/0-I mm. to give I,'Sa.,4-tyiazaindene (43 mg., 4-9%), m. p. 54—55°, 
as a white hygroscopic solid w ith violet fluorescence. The yield was unaltered after heating 
for 3 hr. and no starting  m aterial was recovered. The perchlorate had m. p. 199— 200° (decomp.).
-Triazaindene.— (a) With phosphorus oxychloride. 2-(2,2-Diethoxyethylamino)- 
pyrim idine (0-5 g.) in benzene (4 ml.) and phosphorus oxychloride (1 ml.) were refluxed for I f  hr., 
evaporated, trea ted  w ith cold w ater and then saturated  aqueous sodium carbonate to give pH  11, 
and ex tracted  wdth chloroform ( 6  x  50 ml.). The ex tract was evaporated and the residue in 
benzene was purified through an alum ina column (i x  4 in., B .D.H.) and eluted first with 
benzene to  remove a small am ount of oil, then with 3% ethanol in benzene. The eluates which 
gave the  higher melting solids were combined, sublimed a t 130—140°/0-4 mm., and cr)^stallised 
once from benzene-light petroleum, then three times from light petroleum  (b. p. 80— 100°) to  
give -triazaindene ( 6 8  mg., 21%), m. p. 129—130°.
(b) With concentrated sulphuric acid. The aminoacetal (250 mg.) in concentrated sulphuric 
acid (2-5 ml.) was heated a t 100° for 30 min., poured on to  ice, basified w ith cold Sx-sodium 
hydroxide, and extracted  w ith chloroform. The residue obtained from the dried ex tract was 
sublimed and crystallised from light petroleum (b. p. 80— 100°) to  give I , - t r i a z a i n d e n e  (71 
mg., 50%), m. p. 129— 130°. \,^a,5-Triazaindene (24% yield), m. p. 102— 103°, was prepared 
from the corresponding am inoacetal by m ethod (b) bu t required the  purification used for 
m ethod («). I ,‘.ia,(S-Triazaindene was prepared by method (b) (sec above) and was converted 
into the perchlorate, m. p. 157— 158° (decomp.), in 7% overall yield by the general method 
described below. 2,'è-Dihydro-\,'èa-diazaindenium perchlorate, (m. p. 82— 84°), 1,2,3a- (m. p. 
174-5— 175-5°), and 2-w/e//?y/-l,3,3a- (m. p. 167— 169°) triaza indeni urn perchlorates, and 1,2-fri- 
hydro-'^H-indolizinium perchlorate (m. p. I l l — 112°) were prepared by adding 70% w/w per­
chloric acid (1 ml.) to  a cool solution of the base or its salt (100 mg.) in ethanol (5 ml.), and the 
crystalline solid collected. hen no solid separated, dr\- e ther was added until cry stallisation 
was complete. The solid was washed with ether containing 5% ethanol and dried in a vacuum 
desiccator over phosphorus pentoxide for 24 hr. and analysed. The yields were alm ost q u an tit­
ative. The salt could lie crystallised by dissolution in the  least volume of ethanol containing a 
drop of perchloric acid followed by the slow addition of ether.
2-Fonnaniidopyridine.— Anhydrous formic acid (12 6  ml., 1 mole) and acetic acid (32 8  ml., 
U 96 mole) were heated a t 50° for 2 hr. To this cooled solution was added slowly w ith stirring 
a solution of 2 -aminopyridine (32-8 g., 0-88 mole) in dry  benzene (150 m l.); the  m ixture was 
allowed to  stand a t  20° for 48 hr. then distilled. 2-Form am idopyridine (34 5 g., 84%) which 
distilled a t 154— 156°/12 mm., solidified and had m. p. 69—70° (lit.,^® b. p. 161— 162°/15 mm., 
m. p. 71°).
2-Tliiofor))ianüdopyridine.— 2-Form amidopyridine (13 g.) and phosphorus pentasulphide 
(13 g.) in xylene (50 ml.) were refluxed for 2  hr. and the  xylene decanted from the  ta r, cooled, 
and the yellow needles collected and washed w ith light petroleum . \ 'e ry  little  product could 
be ex tracted  by boiling the ta r  w ith more xylene. 2-Thiofonnamidopyridine ( 2  5 g., 17%), m. p. 
164— 165°, was recrystallised from ethanol.
I thank  Professor Adrien Albert, Drs. H. J. Brown, J. F. \V. McOmie, and D. D. Perrin for 
encouragement and stim ulating discussions, Dr. D. J. Brown for supplying 4-hydroxyq)yr- 
imidine, and Messrs. F. Sesselja, C. Arandjelovic, D. T. Tight, and R. Wymyard for technical 
assistance.
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C-1 and C-3 Protonation of Indolizines
By W. L  F. Armarego
The structures of 3-methyl-. 3,7-dimethyl-, 2,3,6-trimethyl-, and 2,3,7-trimethyl-indolizinium perchlorates in 
trifluoroacetic acid were determined by proton magnetic resonance and shown to be protonated preferentially on 
C-1. These cations in dilute aqueous hydrochloric acid, however, were shown to be mixtures of C-1 and C-3 
protonated species. The cations of seven indolizines lacking a 3-methyl group consisted almost entirely of C-3 
protonated species in both solvents. Steric hindrance by a methyl group to protonation on C-3 in some 3-methyl- 
substituted indolizines is invoked.
T h e  structures of indolizinium perchlorate and 2-methyl-,
2,6-dimethyl-, 2,8-dimethyl-, and 1,2,3-trimethyl- 
indolizinium perchlorates in trifluoroacetic acid (TFA) 
were determined by nuclear magnetic resonance spectro­
scopy, and were all shown to be protonated on C-3.  ^
A study of the ionisation constants and ultraviolet spectra 
of several methylindolizines showed that, in dilute 
aqueous acid, protonation also most likely occurred on 
C-3 when hydrogen was on C-3. 3-Methyl-, 2,3-di- 
methyl-, and 3,7-dimethyl-indolizines, on the other 
hand, had anomalous ionisation constants and cation 
ultraviolet spectra. These anomalies were explained 
by protonation on C-1 instead of C-3 .^  A further ex­
planation may be that protonation occurs on C-3 in all 
indolizines but that solvation around the bridgehead 
nitrogen atom and C-3 (now being altered by the presence 
of the 3-methyl group) is the cause of the anomalies 
found where a methyl group is attached to the carbon 
atom (C-3) which is protonated. (Although the proton 
goes on to a carbon atom the positive charge ultimately 
resides on the bridgehead nitrogen atom.)
In order to find the true explanation, the proton mag­
netic resonance spectra of the cations of the above three
3-methyl-substituted indolizines together with those of 
indolizine, "2-methyl, 2-t-butyl-, 5-methyl-, 7-methyl-,
2,5-, 2,7-, and 3,5-dimethyl-, and 1,2,3-, 2,3,6-, and
2,3,7-trimethylindolizines in anhydrous TFA and in 
l'5N-aqueous hydrochloric acid were measured. It is 
now shown that 3-methyl-substituted indolizines which 
lack a 1- or 5-methyl substituent give a mixture of
C-3 (I) and C-1 protonated cations (II) in aqueous acid 
solution.
The chemical shifts of the protons on C-1, C-2, and C-3, 
and on the methyl groups are given in the Table together 
with the site of protonation. The spectra can be divided 
into three types. (A) C-3 Protonated cations which 
(i) lack a methyl group on C-3 [e.g., (I ; =  R® =  =
H, R2 =  Bu')], (ii) have a 3-methyl group [e.g., (I; 
R i  =  R 2 =  H, R3 =  R4 =  Me) (see Figure 1) and (I; 
R i  =  R 2 =  R3 =  Me. R4 =  H)] ; (B) C-1 protonated 
cations [e.g., (II; Ri =  R2 =  R4 =  H, R® =  Me)]; 
and (C) a mixture of types (A) and (B) (see Figure 2).
The spectra of indolizine, 2-t-butyl-, 2 -, 5-, and 7- 
methyl-, and 2,5- and 2,7-dimethyl-indolizine cations 
in TFA all have a signal between r =  4 2 and 4*7 due 
to the methylene protons on C-3 which is in agreement 
with other examples previously mentioned.^ The 
spectra were very slightly altered when the free bases 
(instead of the perchlorate salts) were dissolved in TFA. 
Also the spectra of these compounds in l-5N-aqueous 
hydrochloric acid (between Hq =  0 and —0 5 depending 
on whether the free base or perchlorate salt was used) 
were very similar to those in TFA. The water signal 
did not interfere with the spectra of the first three 
compounds, but the spinning side-bands had to be altered 
so as to avoid masking the C-3 methylene peaks. These 
peaks are very close to the water signal; in the last four 
compounds these peaks are masked by the water signal. 
Because these compounds are completely protonated 
in this medium and could be either C-1  or C-3 protonated 
species, or a mixture of both, then the absence of a 
signal between t  5 3 and 6 T (the region where the C-1 
methylene signals appear, see below) confirms that the 
methylene signals (for C-3 protonation) are hidden under 
the water peak. Also, the spectra of these four com­
pounds in TFA show clearly the C-3 methylene signals 
at T 4 40—4 75, the region where the water signal appears 
in l'5N-aqueous hydrochloric acid.
1,2,3-Trimethylindolizine in TFA or F5N-hydro- 
chloric acid had a spectrum similar to that of its per­
chlorate salt in TFA. The cation structure (I; R  ^=  
R 2 =  R3 =  Me, R^ =  H) previously postulated for the 
perchlorate salt is confirmed. The 1- and 2-methyl 
groups appear as one signal ( t 7*73). This is accidental 
because the methyl groups are not strictly equivalent and 
the 3-H quartet is centred at t  4 6 6 , the region where the 
C-3 methylene protons resonate (see above). The 
spectra of 3,5-dimethylindolizine perchlorate and free 
base dissolved in TFA, and of the free base dissolved 
in aqueous hydrochloric acid, were very similar to 
each other and the cation has the structure (I; R^ =  
R2 =  H, R3 =  R4 =  Me) in all cases. The proton on 
C-3 is a quartet at t  4 2 and there is no evidence of a C-1 
methylene signal in any of the spectra. Intramolecular 
overcrowding between the 3-methyl and 5-methyl 
groups is thus observed in the three cases.
3-Methylindolizinium perchlorate in TFA gave a
 ^ M. Fraser, A. Melera, B. B. Molloy, and D. H. Reid, J .  
Chem. Soc., 1962, 3288.
® W. L. F. Armarego, J . Chem. Soc., 1964, 4226.
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C h em ica l sh if ts  in  th e  p ro to n  m a g n e tic  re so n an c e  s p e c tr a  o f in d o liz in e  c a tio n s  ® 
P ro to n  signals (t ) a t  33°
, Five-m em bered ring *
Indolizine
U n su bstitu ted
U n su b stitu ted
2-M cthyl
2 -t-B u ty l (perchlorate)
2 -t-B uty l
3-M ethyl (perchlorate) 
3-M ethyl
3-M ethyl (perchlorate)
5-M ethyl (perchlorate)  ^
7-M ethyl (perchlorate) ^
2,3-D im ethyl
Sol­
vent**
A
B
B
A
B
A
A/
B/
A
A
A/
2.3-D im ethyl (perchlorate)
2.5-D im ethyl (perchlorate) ^
2.7-D im cthyl
3.5-D im ethyl (perchlorate)
3.5-D im ethyl
3.5-D im ethyl
3.7-D im cthyl (perchlorate) ^
1.2.3-Trim ethyl
1.2.3-Trim cthyl
2.3.6-Trim ethyl (perchlorate)
2.3.6-Trim ethyl
B/
A
A
A
A
B
A
A
B
A
A/
2.3.7-Trim cthyl (perchlorate)
2.3.7-Trim ethyl
A
Af
2,3,7-Trim cthyl (perchlorate) IV
Concn.
(w /v% )
10
11
10
13
11
10
16 {
H {
17 
10
18 I
Su b stitu en t '
2,3-D im ethyl (perchlorate) 13
10
18
14
13
11
5
12
10
12
13
2,3,6-Trim ethyl (perchlorate) B-* 9
18
17
20
1-H
2-77(1)
2-63(1)
3-01(1) 
3-14(1) 
2-95(1) 
5-78(2) 
5-72(2) 
2-77(1) 
5-72(2) 
2-72(1)
2-72(1) 
2-82(1) 
5-80(2)
3-12(1) 
5-79(2)
4-13(1)
5-96(2) 
3-04(1) 
3-07(1) 
3-16(1) 
2 -86 ( 1) 
2 -86 ( 1) 
2-79(1) 
5-79(2)
5-78(2)
5-78(2)
3-18(1)
5-84(2)
3-09(1)
5-86(2)
5-87(2)
3-18(1)
5-84(2)
3-12(1)
Site of
2-H 3-H 1-Me 2-Me 3-Me 5-Me 6-Me 7-Me a tion
2-45(1) 4-43(2) — — — — — — 3
2-31(1) 4-29(2) — — — — — — 3
— 4-46(2) — 7-55 — — — — 3
— 4-43(2) — 8-52» — — — — 3
— 4-29(2) — 8-52' — — — — 3
3-20(1) — — — 7-39 — — — 1
3-13(1) — — — 7-33 — — — 1
2-44(1) 4-30(1) ' — — 8-06* — — — 3
3-14(1) — — — 7-35 — — — 1
2-42(1) ____< — — 8-15* — — — 3
2-37(1) 4-62(2) — — — 7-04 — — 3
2-47(1) 4-40(2) —
I I
— — 7-25* 3
1
3
1
3
1
3
— 4-60(1)» —
I
8-08*
I — — —
-— 4-57(1)» — ____1 8-09*
1
— — —
_ ____1 8-16* _ _
— 4-75(2) — 7-38 7-07 — — 3
— 4-63(2) — 7-55 — — — 7-31* 3
2-54(1) 4-17(1)» — — 8-11* 6-91 — — 3
2-53(1) 4-19(1) » — — 814* 6-92 — — 3
2-46(1) 4-05(1)» — — 8-19* 6-92 — — 3
3-29(1) — — — 7-38 — — 7-16* 1
— 4-66(1)» 7-68 7-68 8-14* — — — 3
— 7-69 7-69 8-15* — — — 3
— — — 7-64 7-45 — 7-26 — 1
I I I 1
— 4-67(1)» — __1 8-13* — __1 — 3
I 1 1
__ __ __1 8-27* __ — 3
— — — — 7-65 7-48 — 7-24* 1
— — __I __1 — — 1
__ 4-65(1)» __ __1 8-14* — — 3
I 1 I 1
— ____i __1 __1 816* — — 3
" For assignm ent of pro tons in the  neu tra l species of several m ethylindolizines see P. J . B lack, M. L. H effernan, L. M. Jackm an , 
Q. N. Porter, and G. K. Underwood, Austral. J . Chem., 1964, 17, 1128. * H ydrogens in troduced  by p ro to n atio n  are in bold type.
N um ber of p ro tons in tegrated  arc  in parentheses. '  M ethyl groups a ttach ed  to  th e  carbon a tom  th a t  is p ro to n ated  are in bold 
type- ** (A), anhydrous trifluoroacetic acid w ith tc tram cthy lsilanc  as in te rnal s ta n d a rd ; (B), l-5N-aqueous hydrochloric  acid 
w ith sodium  trim ethylsilylpropancsul]>honatc as in te rnal stan d ard . * t-B u ty l group. /  Mixed spectrum  of C-1 and  C-3 p ro ­
ton a ted  species. » Q u a rte t w ith /  =  7-0 c./scc. * D oublet w ith J  =  7-0 c./sec. * Q u a rte t hidden under th e  w a ter signal. 
1 This spectrum  was slightly  a lte red  when solvent (B) was used. * Two peaks separated  by ~8-0  c./sec. ‘ P ro tons of th e  m ethyl 
groups together w ith p a r t  of th e  3-m ethyl p ro tons of th e  C-1 and  C-3 p ro tonated  species are cen tred  betw een t  7-5 and  7-8.
5-M «
3 -M «
T M S
3-H
6 lO84
F ig u r e  1 N .m .r. spectrum  of 3,5-dim cthylindolizine in trifluoroacetic acid (type A, ii)
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spectrum of the type (A) and is clearly (I ; Ri == R2 =  
R^ =  H, R® =  Me). The spectrum did not appear to 
have changed after 4 days at 20°. However, when the 
free base was dissolved in TFA or when the perchlorate 
was dissolved in T5N-hydrochloric acid, a mixed spectrum 
(see Figure 2) consisting of both C-1 and C-3 protonated 
species was obtained. From the integrations, the per­
centages of C-3 protonated species were 20 and 26 (error 
at least ±5% ). Similarly, 3,7-dimethyl-, 2,3,6-tri- 
methyl-, and 2,3,7-trimethyl-indolizinium perchlorates
the yields of these salts from the free bases were well over 
50%, then the C-I protonated salts must be less soluble 
than the C-3 protonated salts, and must have crystallised 
out of solution during the preparation. In the case of 
the 2,3-dimethyl derivative the two perchlorates have 
obviously similar solubilities in the ethanol-ether solu­
tion in which the salts were prepared.
The widths of the C-1 and C-3 proton signals in TFA 
and aqueous acid were roughly similar and could be 
clearly accounted for by integration. This suggests
TMSl-H 3 -M e
2 -H  l-H
3 -H
2-H"
lO84 6
F i g u r e  2 N .m .r. spectrum  of 3-m cthylindolizine in trifluoroacetic acid (type C). The dotted  protons refer to the  C-1
pro tonated  species
in TFA gave spectra of pure C-1 protonated species, 
whereas the free bases of 2,3,6- and 2,3,7-trimethyl- 
indolizine in TFA gave mixed spectra containing 40% 
and 50%, respectively, of C-3 protonated species. The 
spectra of these two bases in l-5N-hydrochloric acid 
were also mixtures each containing 50% of C-3 protonated 
species. The spectra of 2,3-dimethylindolizine perchlor­
ate in TFA, and in T5N-hydrochloric acid and that of the 
free base in TFA were mixtures of the type (C) (see 
Figure 2) and the percentages of C-3 protonated species 
were respectively 40, 54, and 50. It has been pointed 
out* that the signal of the C-1 methylene protons in
2,3-dimethylindolizinium perchlorate occurs at t  5-87. 
In the above five examples the C-1 methylene protons 
had signals between t  5-7 and 5-9. The spectra of these 
perchlorates in TFA did not alter after 2 days at 20°, 
indicating that proton exchange was not only slow but 
that there was very slow equilibration of the proton be­
tween C-1 and C-3. This, however, was not the case in 
aqueous acid or when the free base was dissolved in 
TFA. The latter two spectra were unchanged after 
two days at 2 0 ° and the species present may be taken as 
being very similar to those present in aqueous solution 
during ionisation measurements (see ref. 2). Because 
the perchlorates of 3-methyl-, 3,7-dimethyl-, 2,3,6- 
trimethyl-, and 2,3,7-trimethyl-indolizines gave only the 
spectra of C-1 protonated species in TFA, and because
* See footnote in ref. 1, p. 3291.
that proton exchange in water must also be slow unlike 
the protonation of a ring nitrogen atom in heterocyclic 
compounds. The rapid proton equilibration between 
C-1 and C-3 observed when the above 3-methylindoli­
zinium perchlorates were dissolved in aqueous acid 
(but not in TFA) is probably due to the greater ability 
of water than TFA to act as a base.
It is therefore shown that the methyl group on C-3 
in indolizines sterically hinders protonation on that 
carbon atom to an appreciable extent, though, as had 
been previously suggested,^ not almost entirely. The 
suggested alternative explanation that the anomalies 
in the ionisation constants and cation ultraviolet spectra 
were due to solvation is erroneous.
EXPERIMENTAL
A ll th e  indoliz ines, e x ce p t th e  tw o  below , w ere p re p a re d  
as in  ref. 2. S am ples w ere  fresh ly  pu rified  to  c o n s ta n t m . p . 
a n d  b . p . a n d  ex am in ed  b y  p a p e r  ch ro m a to g ra p h y  im ­
m ed ia te ly  p r io r  to  m easu rem en t. A n h y d ro u s triflu o ro ace tic  
acid  (B .D .H . la b o ra to ry  grade) w as red is tilled  tw ice. 
M icroanalyses w ere b y  D r. J .  E . F ild es an d  h e r  staff.
2 ,Z ,l-T r im eth y lin d o liz in e .— 2 ,4 -D im e th y lp y rid in e  (3-4m l.) 
in  ace to n e  (6 m l. ; A n a laR ) a n d  2 -b ro m o b u tan -3 -o n e  ® 
(8 m l.) w ere  h e a te d  u n d e r  reflux  fo r 90 m in. a n d  th e  so lv e n t 
w as rem o v ed  in  vacuo. T h e  residue, in  w a te r  (125 m l.) 
c o n ta in in g  sod ium  h y d ro g en  c a rb o n a te  (6 g.), w as h e a te d
3 A. Faworsky and B. Issatschenko, J . prakt. Chem., 1913, 88, 
6.55.
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at 100°, then steam-distilled. The distillate was extracted 
with chloroform, the extract dried (NagCO,), evaporated, 
and the residue distilled twice, b. p. 102—104°/l-5 mm. to 
give 2,Z,l-trimethylindolizine (16 g.) as a pale yellow liquid 
which turned green after standing at 20° for 1 hr, (Found :
C, 83 2; H, 8  2; N, 8-5. requires C, 83-0; H, 8-2;
N, 8 -8 %), The perchlorate, m. p. 89—90°, was prepared 
in 80% yield by dissolving the oil (0-5 g.) in ethanol (5 ml.), 
adding 70% perchloric acid (1 ml.) with cooling, than adding 
ether slowly. The perchlorate was dried in a vacuum 
desiccator over phosphorus pentoxide overnight (Found: 
C, 50-7; H, 5-2; N, 5-4. C„Hi3N,HC104  requires C,
50-9; H, 5-4; N, 5-4%).
Similarly 2,5-dimethylpyridine and 2-bromobutan-3-one
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gave 2,S,6-trimethylindolizine (38%), which after sublimation 
at 60°/0-2 mm. had m. p. 6 8 ° (Found: C, 83-2; H, 8-4; 
N, 8 -8 %). The perchlorate had m. p. 100—102° (Found: 
C, 50-7; H, 5-4; N, 5-4%).
N.m.r. measurements were made on a Perkin-Elmer 
RIO instrument operating at 60 Me./sec. and at 33°.
I thank Professor Adrien Albert for encouragement and 
most helpful discussions, and Mr. S. Brown for n.m.r. 
measurements.
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I n s t i t u t e  o f  A d v a n c e d  S t u d i e s ,
A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y ,  C a n b e r r a ,  A.C.T., 
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813. Ionization and Ultraviolet Spectra of Indolizines.
By W. L .  F. A r m a r e g o .
The ionization constants and ultraviolet spectra of twelve alkylindolizines 
and of 1,3a-, 2,3a-, and l,7a-diazaindenes (azaindolizines) were measured.
Most of the indolizine cations were found to be protonated predominantly 
on C-3, but, for steric reasons, the 3-methyl, and the 2,3- and 3,7-dimethyl 
derivatives were protonated on C-1. However, in 3,5-dimethylindolizine, 
this steric repulsion of a proton is overcome by another steric effect, viz., 
overcrowding of the two methyl groups, which permits C-3 protonation.
The diazindene cations are protonated on the non-bridgehead nitrogen.
I n d o l i z i n e s  were considered to be feebly basic because they dissolved slowly in dilute 
acid. Rossiter and Saxton  ^showed that attack by an electrophilic reagent {i.e., in méthyl­
ation and formylation) on indolizine takes place first on C-3 then on C-1. It was later 
shown® from reactions of 1,2,3-trimethylindolizine with alkyl iodides that although C-3 
alkylation was predominant, C-1 alkylation also occurred to a minor extent. By com­
parison, it was assumed that protonation of (I) followed the same course and that the 
indolizine cation possessed the pyridinium structures (Ila) and (Ilb) with the former
( I la )  ( l ib :
predominating.^”® Moreover, catalytic reduction of indolizine in 2N-hydrobromic acid 
gave l,2-dihydro-3i/-indolizinium bromide.® Recent theoretical calculations  ^ are also 
in agreement with the high reactivity of positions 1 and 3 towards electrophiles. From 
a study of the proton magnetic resonance spectra of several indolizinium perchlorates 
in 10% w/v trifluoroacetic acid, it was concluded ® that protonation occurred essentially 
on C-3 when it carried a hydrogen atom or a substituent similar to that on C-1 [i.e., 1,2,3-tri­
methylindolizine). These authors also implied that protonation in 2,3-dimethylindol­
izinium perchlorate takes place on C-1. I have now measured the basic strengths and 
ultraviolet spectra, under comparable conditions, of indolizine and 12 alkylindolizines 
and provided evidence that, depending on the position of the substituent, protonation 
occurs on C-1 or C-3. These results suggested the examination of the position of proton­
ation in all possible monoazaindolizines having the extra nitrogen atom in the five- 
membered ring.
Basic Strengths of Indolizines.—Ionization constants of indolizine and several methyl 
derivatives have been measured ® in 60% alcohol, but the temperature and the method 
were not stated. These values are unsatisfactory for comparison because the measure­
ments were made in a mixed solvent (for pitfalls in the use of mixed solvents see ref. 10a), 
and also because I found that the neutral species of many of the methyl derivatives were 
unstable.
The stabilities of the neutral species at pH 10 were examined and are given in Table 1. 
The more unstable compounds had a methyl group in position 3- (and to a smaller degree 
in positions 1- and 2-), or when a second methyl group was introduced in the pyrrole ring 
[i.e., 1,2-dimethylindolizine). The most unstable compound was 1,2,3-trimethylindolizine. 
During these decompositions, the changes observed in the ultraviolet spectra showed 
several sharp isosbestic points, indicating the likelihood that a single reaction product was 
formed. Indeed a detailed kinetic study of the decomposition of 1,2,3-trimethylindolizine 
in pH 9'8 aqueous buffer, and 20°, at 0-525 X 10"^  m  and 0-262 x 10"^  m  showed that it
followed first-order kinetics, and that it had a half-life of 39 min. This change is unlikely 
to involve the formation of a dimer similar to that of indole because it requires the neutral 
species and is much faster when a methyl group is present in the pyrrole ring—two con­
ditions which retard dimerization of indoles.
T able 1 .
Ionization “ in water at 2 0 ° Change in UV spectrum at 20°
,------- ---------- --------^ Position of in pH 10 aqueous buffer
Spread Concn. b predominant r- --------A------ -------------,
Indolizine pAa (± ) 1 0 % A (m/i) protonation 2  hr. 2 0  hr. 3 days
Unsubstituted 3 94 0-05 0 - 8 305 C3 no no V . small
2-Methyl- 5-87 0 05 0-39 325 C3 V . small large complete
2-t-Butyl- 5-60 0-05 0-58 320 C3 no V . small small
3-Methyl- 3-85 0-03 0 25 230 Cl large V . large complete
5-Methyl- 5-04 0-04 0-5 305 C3 no no V . small
6 -Methyl- 4-81 0-03 0 - 8 312 C3 no V . small small
7-Methyl- 5-41 0 03 0 - 8 300 C3 no V . small small
1 ,2 -Dimethyl- 7-32 0-04 0-5 325 C3 small large V . large
2 ,3 -Dimethyl- 5-43 0-05 0-25 235 Cl large V . large complete
2,5-Dimethyl- 6-83 0-03 0 5 315 C3 no V . small small
3,5-DimethyI- 6-44 0-05 0-58 310 C3 large V . large complete
3,7-Dimethyl- 5-34 0-04 0-25 270 C l small large complete
1,2,3-Trimethyl- 6-67 0-05 0-67 325 C3 V . large complete —
l,3a-Diazaindene 6-79 0-04 1-25 300 Ni
2,3a-Diazaindene 5-54 0 - 0 1 2  8 6 340 N 2
1, 7a-Diazaindene 1 4 3 ' 0-03 0 - 2 223 N i
“ Ionic strength 0 01 ; for buffers used see Perrin, Austral. J . Chem., 1963, 16, 572. * Analytical
wavelength. ® Measured in aqueous hydrochloric acid.
The cations of all the indolizines studied were stable in dilute acid solutions for at least 
four hours. The limited stability and solubility of the neutral species in water made it 
more convenient to use the more stable perchlorates in acid solution, and to neutralise 
and adjust the pH of the solution to various values. The optical densities were measured 
within one minute of mixing, during which time decomposition of the neutral species was 
negligible. All measurements were made at constant ionic strength, and the piCa values 
are given in Table 1. To determine if protonation on carbon is unduly slow in this series, 
a solution of indolizine (neutral species) was acidified to pH 1-0 (using a rapid-reaction 
apparatus ®^) and it was found that protonation was faster than one second. The re­
ported slow solubility of indolizine in dilute acid is therefore not caused by a rate- 
determining protonation process but by the low solubility of indolizine in water.
Indolizine, although a weak base, is as strong as a-naphthylamine (pAT 3 9) but a 
much stronger base than indole (pA  ^ —2-4). A methyl group in nitrogen hetero- 
aromatic compounds (e.g., pyridine) increases the basic strength by 0 5—0-8 pAa unit.^ ® 
A methyl group in the 2-position of indolizine, on the other hand, makes an unusual in­
crease of T9 pAa units. Although this value is large, a similar effect was observed in
2-methylindole, which is a stronger base than indole by 2 3 pAT u n i t s . I n d o l e  also is 
known to protonate on C-3.^  ^ It was thought possible that a 2-methyl group in indolizine 
might stabilize the cannonical forms (Ilia) and (Illb) of the neutral species by hyper-
C = HzI /  C = H3
H (I lia )  H (I llb )
conjugation, thus making it more basic than expected. We therefore prepared 2-t-butyl- 
indolizine and found that it was a weaker base than 2-methylindolizine by 0-27 pAT unit. No 
difference in basic strength was observed between 4-methyl- and 4-t-butyl-pyridine, whereas
3-methylpyridine was a weaker base than 3-t-butylpyridine by 0 14 unit, and in the
2-alkyl pyridines a base-weakening effect of 0-24 unit was observed on replacing a methyl 
by a t-butyl group.i® The authors concluded that in the 4-alkyl pyridines the inductive
and hyperconjugative effects cancelled each other, in the 3-alkyl derivatives the inductive 
effect was operating, and in the 2-alkyl derivatives steric effects might be importantd® 
In 2-alkylindolizines the effect observed could be explained by steric hindrance as in 2-alkyl- 
pyridines, or alternatively by hyperconjugation because, unlike in pyridine, protonation 
occurs on a five-membered ring. This may account for a small part of the increase in basic 
strength in 2-methylindolizine but it does not account for the whole of it because methyl 
groups in the pyridine ring of indolizine also have a base-strengthening effect rather larger 
than predicted (see below).
The alkyl group in 3-methylindolizine, paradoxically, decreases the basic strength of 
indolizine by a small amount (0-1 pAa unit). A similar behaviour has been observed in
3-methylindole where protonation is known to occur on C-3. In 3-methylindolizine the 
alkyl group inhibits protonation on C-3, and the hydrated proton is thus directed to C-I, 
which is a weaker basic centre. This must be due to the steric effect of the methyl group, 
which would be expected to increase the electron density on C-3 and cause an increase in 
basic strength at this position. The base-weakening effect of the 3-methyl group is also 
observed in 2,3- and 3,7-dimethylindolizine, which are weaker bases than 2- and 7-methyl- 
indolizine by 0 4 and 0*1 pA  ^unit, respectively.
Methyl groups in positions 5-, 6-, and 7- are base-strengthening, and in these the effect 
is large, though smaller than in the 2-methyl derivative (see above). The 6-methyl 
derivative is weaker than either the 5- or 7- isomer; hence the 5-methyl group does not 
interfere, sterically, with protonation in spite of some provisional claims to the contrary 
(see ref. 9). The effect of methyl groups is not strictly additive. For example, the pAa 
values, predicted from simpler members of the series, for 2,5- and 2,3-dimethyl, and
1,2,3-trimethylindolizines are 6 9, 5-7, and 7*2, whereas the observed values are 6-8, 5 4, 
and 6 7, respectively. It must be pointed out that there are two possible cations (Ila) 
and (lib), and that although the former is favoured, the pAa values may involve protonation 
at the two centres to varying degrees depending on the substituent. Thus the recorded 
pAa is the macroscopic resultant of two microscopic pAa values (see ref. 106 for the 
definition). The discrepancies between the predicted and observed pAa values can thus 
be accounted for, and it is not possible to exclude a small amount of either C-I or C-3 
protonated species in a cation which is considered to be predominantly protonated on 
C-3 or C-I, respectively.
The insertion of a 3-methyl group in 5-methylindolizine to give 3,5-dimethylindolizine, 
on the other hand, results in an increase in basic strength of T4 pA& units. Moreover,
3,5-dimethylindolizine is a slightly weaker base than the 2,5-isomer (by 0-4 unit), and the 
large difference in basic strength previously observed between the methyl group in the
2- and 3-position is not shown here (compare 2- and 3-methylindolizines). This can be 
explained by intramolecular overcrowding of the peri methyl groups. The 5-methyl group 
would push the 3-methyl group out of the plane of the rings and facilitate protonation on 
C-3 because C-3 would then become more ready to assume a tetrahedral configuration. 
Further support for this hypothesis is obtained from spectral data (see below). Also,
3,7-dimethylindolizine, where there is no overcrowding, but where the electronic influences 
are similar to those in the 3,5-isomer, is a weaker base than the latter by IT pAa units.
Professor L. M. Jackman has kindly measured the n.m.r. spectrum of 3,5-dimethyl- 
indolizinium perchlorate in trifluoroacetic acid and found that protonation had occurred 
on C-3. The protons of the 3-methyl group are split into a doublet ( t  8T9, J  7*0 c./sec.) 
by the 3-hydrogen atom (a quartet: t  4 22, J  7 0 c./sec.). The protons on the 5-methyl 
group appear as a singlet ( t  6-97).
The positions in which protonation predominates are summarised in Table I for each 
indolizine.
Ultraviolet Spectra of Indolizines.—The absorption spectra of the neutral species and 
cations of the indolizines examined are given in Table 2. All the neutral species have very
T a b l e  2 .
U ltraviolet spectra® in w ater a t 20'
Indolizines Species * (mp) log Emax. pH
Unsubstituted .... 0 232; 274 4- 281 4- 292 5; 337 4-47; 3-33 4- 3-49 -f- 3-58; 3-26 7-0
-h 228 4- 231-5 4- 234-5 4- 238-5 3-75 4- 3-79 -f 3-79 4- 3-71 -f 1-0
4- 242; 297 -f- 305 4- 316 3-50; 3-68 4- 3-76 4- 3-61
2-Methyl- '  ........ 0 237-5; 227 4- 287 4- 297; 338 ^ 4-50; 3-62 4- 3-71 4- 3-75; 3-63 1 0
-t- 240 4- 248; 317 -}- 332 3-97 4- 3-82; 3-75 4- 3-51 1-0
2-t-Butyl- ® ........ 0 237; 278 4- 287 4- 296; 337 4-50; 3-32 4- 3-42; 3-31 1 0
4- 241 4- 249; 318-5 4- 332 4-07 4- 3-91; 3-86 +  3-68 2 - 0
3-Methyl- ' ........ 0 231; 275 -f 281 -f 293; 348 ^ 4-89; 3-45 4- 3-57 +  3-62; 3-28 1 0
4- 215 4- 222; 245 4- 270 4 - 276 3-88 4- 3-71; 3-49 + 3-86 4- 1-7
4 - 284 4- 316 3-85 4- 3-74 4- 2-80
5-Methyl- ® ........ 0 223-5; 282 4 - 293-5; 330'* 4-54; 3-62 4- 3-71; 3-39 1 0
4- 232 -f 235 4- 239-5 -f 244; 305 3-85 4- 3-84 4- 3-74 4- 3-45; 2 - 0
4- 316 3-87 4- 3-76
6 -Methyl- ® ........ 0 235; 276 4- 284-5 -f 296-5; 4-54; 3-38 4- 3-50 4- 3-55; 3-38 10
335 <*
4- 211 4- 216; 283 4- 242 -f 248 4-38 4- 4-34; 3-82 4- 3-79 4- 2  0
-f 251; 302 4- 311 4- 324 3-58 4- 3-42; 3-69 4- 3-78 4-
3-59
7-Methyl- '  ........ 0 233-5; 274 -f 283 4- 294; 337 <* 4-54; 3-46 4- 3-62 +  3-66; 3-25 1 0
4- 213 4- 216 4- 232; 300 4- 310-5 4-50 4- 4-46 4- 3-70; 3-78 4- 3-69 2 - 0
1,2-Dimethyl-® 0 239-5; 284 -f 292 -l 303; 349 <* 4-44; 3-27 4- 3 36 +  3 38; 3-28 10
4- 245; 325 4-06; 3-73 5-0
2,3-Dimethyl- ® 0 235; 275-5 4 - 285 4- 297; 348 <* 4-45; 3-43 4- 3-48 4- 3-49; 3-33 1 0
4- 229 4- 241 4- 249; 282 -f 290 3-79 4- 3-78 4- 3-67; 3-69 +  3-72 2 - 0
2,5-Dimethyl- ® . 0 235; 287 -f 298; 331 4-48; 3-53 4- 3-61; 3-40 1 0
4- 240 4- 244 4- 248; 316 4- 328 4-04 4- 3-97 4- 3-84; 3-89 4- 3-77 2 -0
3,5-Dimethyl-® . 0 232; 276 4- 286-5 -f- 298; 343'* 4-48; 3-47 4- 3-64 4- 3-68; 3-39 1 0
4- 236 -f 243 4- 246; 298 -f 310 
4- 320-5
3-82 4- 3-66 4- 3-46; 3-66 4- 
3-84 4- 3-75
2  0
3,7-Dimethyl-® . 0 234; 273 -}- 283 4- 295; 348 454; 3-53 4- 3-69 +  3-71; 3-24 1 0
-f 272 4- 312 3-88 4- 2-95 2 - 0
1,2,3-Trimethyl-®. 0 240; 283 4- 291 4- 302; 360 <* 4-46; 3-37 4- 3-41 4- 3 37; 3-31 1 0
4- 246; 325 4-05; 3-71 2 - 0
l,3a-Diazaindene . 0 219 4- 225; 267 4- 278 -f 292 4-43 4- 4-23; 3-53 4- 3-61 4- 3-54 9-0
-f 211 4 - 215; 275 4-37 4- 4-28; 3-84 1-0
2,3a-Diazaindene. 0 211 4- 239; 262 4- 271 -f 282 
4- 308
4-32 4- 3-26; 3-66 4- 3-81 4- 3-76 
4- 3-38
8 - 0
4- 224 4- 230 4 - 239; 259 4- 268-5 
4- 279 4- 295
3-44 4- 3-40 + 3-28; 3-65 4- 3-82 
4- 3-82 +  3-55
2 - 0
1 ,7a-Diazaindene . 0 219 4- 223; 280 -\- 286 4- 293 4-59 4- 4-54; 3-61 4- 3-65 4- 3-61 7-0
4- 210 4- 213-5 4- 218; 272 -f 292 
4“ 300
4-41 4- 4-51 4- 4-42; 3-59 +  
3-77 4- 3-63
- 1 -1 ®
2-Vinylpyridine / . 0 234 4- 241; 278 -f 284 -f 294 4-05 4- 3-98; 3-75 4- 3-69 4- 3 32 9-0
4- 233 -4 240 4- 250; 286 3-80 4- 3-73 4- 3-39; 3-98 1-0
“ Inflexions are in italics. ® 0 =  Neutral Species, 4- =  Cation. ® Perchlorates were used.
Stock solution in acid was neutralised and the pH adjusted, and the intensities were obtained from 
the cahbrated Spectracord (4000 A) chart within 3 min. of mixing. ® in sulphuric acid, f  pAT^  
4 98, LinneU, J. Org. Chem., 1960, 25. 290.
similar spectra which consist of three bands : an intense band at 225—240 mp, a second 
band of medium intensity at 270—310 mp which has two or sometimes three peaks, and a 
third, broad band, also of medium intensity, at 330—360 mp (cf. Figure).
No interaction between the neutral species and water takes place because the spectra 
of indolizine in water and in cyclohexane are closely similar. The spectra of the cations 
of indolizines are markedly different from those of the neutral species, whereas normally 
only small shifts are obtained when heteroaromatic compounds are protonated.^® The 
spectrum of the indolizinium cation is the same in water at pH TO as in sulphuric acid at 
Hq —4 0. In contrast, the spectrum of the quinazoline cation at pH TO, which is different 
from that of the neutral species because it is (covalently) hydrated, alters drastically on 
decreasing the Hq value of the medium. At Hq —4 0 it becomes very similar to the spec­
trum of the neutral species because of the formation of the "anhydrous" quinazoline 
c a t i o n . T h e  spectrum of indolizinium cation consists of two main bands of medium
intensity and is like the spectrum of 2-vinylpyridinium cation. These large changes in 
spectra observed on protonation are consistent with the changes in electron distribution 
between (I) and (Ila) or (lib).
Ultraviolet spectra.
A, Neutral species of indolizine 
(3-methylindolizine has a very 
similar spectrum).
B, Cation of indolizine.
C, Cation of 3-methylindolizine.
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Holland and Nayler  ^ pointed out that it should be possible to distinguish between 
the cations (Ila) and (lib) because the long wavelength band of I-ethyl-1,2,3-trimethyl- 
indolizinium cation absorbed at shorter wavelengths ('-^ 235 m[i.) than that of 3-ethyl-
1,2,3-trimethylindolizinium cation (^325 m )^. A close examination of the spectra of the 
indolizinium cations revealed that they can be divided into two groups : [a) those unsub­
stituted on C-3 (except 3,5-dimethyl- and 1,2,3-trimethyl-indolizines) and (6) those with a 
methyl group on C-3. The absorption maxima of the long wavelength bands in the cations 
are at longer wavelengths in group {a), and at shorter wavelengths in group (6) than the 
longest wavelength peak in the second band of the respective neutral species (see Figure). 
In group (a) protonation is predominantly on C-3 and in group {h) on C-I, and this agrees 
with the above authors and with the ionization measurements. 1,2,3-Trimethylindolizine 
cation is protonated on C-3 (cf. also ref. 8), and, because of overcrowding of methyl groups,
3,5-dimethylindolizine cation also is protonated predominantly on C-3. By analogy with 
the latter compound, the spectra of the neutral species and cation (in ethanol) of 1,3,5,8- 
tetramethylindolizine  ^ suggest that the cation is protonated on C-3. Although the 
spectrum of 3-methyl(and 3,7-dimethy 1)-indolizium cation is consistent with protonation 
on C-I, it is conceivable that the weak inflexion at 316 mjx (and 312 m )^ (see Figure) may 
be due to a small amount of the C-3 protonated species.
Diazaindenes {Azaindolizines).—The p7Ca values and ultraviolet spectra of 1,3a-, 2,3a-, 
and 1,7a-diazaindenes are given in Tables I and 2, respectively. Unlike indolizine, proton­
ation in these compounds takes place on the extra nitrogen atom irrespective of its position. 
The high p/Ca value of the 1,3a-diaza-compound (6-79) as compared with indolizine (3-94) 
is undoubtedly due to the amidinium type of stabilization (IV) in the cation. If this were
< —>
(IV )
+
NH
(V)
not so, a very large decrease in basic strength would have resulted from the deactivating 
influence of the second-ring nitrogen atom. As in 2-aminopyridine,^® the spectrum of the 
neutral species is not altered drastically on acidification. Similarly the high basic strength 
of 2,3a-diazaindenes can be explained by the resonance (V) in the cation. Here also there 
is a small change in spectrum on acidification.
l,7a-Diazaindenes is a much weaker base {pK^ 1 43) than the above two isomers, but 
its ultraviolet spectrum does not show large changes when the base is protonated. There 
is no other pÆ between 3 and 11. By analogy with indolizine, protonation on N-1 would 
be favoured, and the resonance-stabilized cation (VI) should be possible. The weak basic
c — >
H
(VI)
strength is not altogether surprising because the difference in basic strength between 
imidazole (6-95) and pyrazole (2-47) is of the same order as the difference between 
2,3a-diaza- and l,7a-diaza-indene, namely 4-1 p7va units. The weak basic strength of 
pyrazole has been attributed to the strong —7 effect of the adjacent nitrogen atom 
(compare isoxazole p7ia — T96). A similar explanation applies to 1,7-diazaindene, and 
the strong —7 effect appears to mask much of the stabilization gained by resonance in (VI).
E x p e r i m e n t a l
Microanalyses were made by Dr. J. E. Fildes and her staff.
Evaporations were carried out in a ro tary  evaporator a t 30—40°/15 mm. The m aterials 
are examined for purity  as b e f o r e . I n d o l i z i n e , ^  2-methyl--'^, 1 ,2-dimethyl-,^ 2,3-dimethyl-,-'’
2,5-dimethyl-,® and 1,2,3-trim ethy 1-'^  indolizine; 2,3a-,-® and 1,7a-diazaindenes were prepared 
as in the  references cited.
Analyses are given in Table 3.
5-, 6 -, and 1-Methylindolizines.—The respective lutidines {i.e., 2,6-, 2,5-, and 2,4-) (15 ml.) and 
acetic anhydride (80 ml.) in a sealed tube were heated in a Carius oven a t 210—220° for 5 hr. 
Two such batches were combined (cooling of the tubes in a dry-ice-acetone bath  for 4 hr. was 
necessary before opening), boiled w ith w ater (14 1.), filtered through kieselguhr, cooled, and 
the  crystalline solid filtered off. W hen no solid separated, the solution was extracted  w ith 
chloroform, and the dried (Na^SOJ ex tract evaporated. The oily residue was diluted w ith light 
petroleum  (b. p. 40—60°), and the solid filtered off, sublimed a t 150— 160°/0-5 mm. and re­
crystallised from methanol or light petroleum (b. p. 60— 80°). \,^-Diacetyl-5~, 6 -, and 1-methyl­
indolizines were thus obtained in 28, 5-5, and 2-7% yields w ith m. p.s 161— 162°, 150— 151°, 
and 175°, respectively (lit.,-’ 4-7% and m. p. 161— 162° for the 5-isomer). The diacetyl deriv­
atives (1-4 g.) and concentrated hydrochloric acid (50 ml.) were refluxed for 14 hr. The solution 
was cooled, basified to pH  11 w ith 5 N-sodium hydroxide, extracted  w ith chloroform, and the 
dried (Na^SOJ extract evaporated. The residue in benzene was purified through an alum ina 
column ( 6  in. x  1 in. ; B.D.H.), and evaporation of the eluates gave a residue which was distilled 
or sublimed a t  40—50°/0-2 mm. The 5-, 6 -, and 1-methylindolizines, obtained in 40, 64, and 
67% yields, had b. p. 66—67°/15 mm. (lit.,^’ 82— 83/4 mm.), m. p. 51— 52°, and 60— 61°, 
respectively.
The corresponding methylindolizinium pevchlovates, decomp. >  145°, m. p. 71— 73°, and 
100— 102°, were prepared in over 80% yield by adding 70% w/w perchloric acid (1-3 ml.) to  an 
ice-cooled solution of the base (200 mg.) in ethanol (5— 10 ml.). The perchlorate crystallised 
out on im mediate addition of excess of ether, and was filtered off and dried in a vacuum  
desiccator (PgO^) for 24 hr.
Z,6-Dimethylindolizine.—W hen 2,6-lutidine (15 ml.) and propionic anhydride (80 ml.) were 
heated in a sealed tube a t 220—240° for 9 hr. and then boiled w ith w ater (1 1.) as above, a
6 -8 % yield of \-propionyl-^,5-dimethylindolizine was obtained as yellow needles after recrystallis­
ation from light petroleum (b. p. 60—80°). A cid  hydrolysis as above gave a 60% yield of 3,5-7%- 
methylindolizine, m. p. 76—77° after sublimation, and the perchlorate had m. p. 159— 160°.
A similar reaction w ith 2,4-lutidine gave a 0-05% yield of \-propionyl-Z,l-dimethylindolizine, 
m. p. I l l — 1 1 2 °, which was hydrolysed and converted into ^,1-dimethylindolizinium perchlorate 
(51% yield), m. p. 89—91°. W hen a-picoline was used, l-propionyl-3-methylindolizine, m. p. 
85— 86° (lit.,28 m. p. 8 6 °) was obtained in 15% yield, and was hydrolysed to  3-methylindolizine 
(59% yield), b. p. 52—54°/0-6 mm. (lit.,2» b. p. 230°, also obtained by decarboxylation of
3-methylindolizine-2-carboxylic acid). I t  solidified a t 0°, darkened rapidly, b u t gave a stable 
perchlorate (decomp. >140°).
2-t-Butylindolizine.—a-Picoline (1 43 g.) and l-bromo-3,3-dimethylbutan-2-one 2° (2-6 g.) 
were heated a t 1 0 0 ° for 3 hr. The crystalline solid was treated with water (50 ml.) and sodium 
hydrogen carbonate ( 6  g.) and heated a t 100° for 2 hr. The cooled solution was extracted with 
chloroform and the dried extract (Na^SO^) evaporated. The residue in benzene was purified 
through an alumina column ( 6  in. x  1 in. ; B.D.H.), and the eluate (white, fluorescent under 
Hg lamp, 365 m^) gave, after evaporation and sublimation of the residue a t 50°/0-5 mm., 
2-t-biitylindolizine (393 mg., 16%), m. p. 49—50°, as highly volatile plates with a strong aromatic 
odour. The perchlorate had m. p. 125—126°.
Table 3.
F o u n d  (% ) R e q u ir e s  (% )
In d o liz in e  C H  N  F o r m u la  C H  N
1 .3 -D ia c e ty l-6 -m e th y l ........................  72  6 5 8 6 6 CjaHigNO.^ 72  5 6 1 6 5
1 .3 -D ia c e ty l-7 -m e th y l ........................  72-7 6 0 6 4  C igH igN O g 72 5 6 1 6 5
3 .5 -D im e th y l-1 -p r o p io n y  l ...................  77 9 7 4 6 7 C igH igN O  77-6  7 5 7 0
3 .7 -D im e th y l-  1 -p r o p io n y l ...................  77 9 7-7 7-0 C jgH igN O  77-6  7-5 7-0
2 - t - B u t y  l ........................................................ 83-3  9 0 8-0 Q .H ig N  83-2  8-7 8-1
3 -M e th y  l ........................................................ 82-7  7-2 11-1 CgHgN 82-4  6-9 10-7
6 -M e th y  l ........................................................ 82-0  7-2 10-7 CgHgN 82-4  6-9 10-7
7 -M e th y  l ........................................................ 82 -0  7-2 10-2 C ,H ,N  82-4  6-9 10-7
3 .5 -D im e th y l .............................................  82-6  7-7 9-6 C ig H u N  82-7  7-6 9 -65
3 -t-B u ty l(p e r c h lo r a te )    —  —  4-8 CigH igNO ^Cl ■—  —  5-1
5 -M e th y l (perch lo ra te )   —  —  6-1 CgHigNO^Cl —  —  6-05
6 -M e th y l (p erch lora te )   —  —  6-1 CgHigNO^Cl — • —  6-05
7 -M eth y l(p erch lo ra te )    —  —  5-9  CgH^gNO^Cl —  —  6-05
2 .5 -D im e th y l (perch lo ra te )   —  —  5-7 CigH igNO ^Cl —  — • 5-7
3 .5 -D im e th y  1 (p erch lora te )   —  —  5-5 CigH igNO ^Cl —  —  5-7
3 .7 -D im e th y l (p erch lora te ) ................  49-3  4-9 5 -6  C igH igNO ^Cl 48 -9  4-9 5-7
l,3a-Diazaindene, b. p. 72—73°/I mm. (lit.,^® b. p. 109°/2 mm.) was prepared in 56% yield 
by oxidation of 2,3-dihydro-l,3a-diazaindene with alkaline ferricyanide as described,^® except 
th a t it was shaken a t room tem perature for 4 hr. (heating a t 90—100° gave very poor yields, 
cf. ref. 15).
Physical Properties.—Ionization constants were determined by the spectroscopic method 
used in this Department. Ultraviolet spectra were measured with a Perkin-Elmer Spectra­
cord, model 4000 Â, and the maxima checked with an Optica manual instrum ent unless other­
wise stated.
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1163 . Triazanaphthalenes. Part VA A  Search for Covalent 
Hydration in S-Methyl-1,6 A-triazanaphthalene.
By W. L. F. A r m a r e g o .
T h e  anhydrous nature of phthalazine, 1-methylphthalazine, and their cations in water 
has been deduced from ultraviolet spectroscopy.  ^ This was confirmed in the present 
work by the constancy of the optical density, at several wavelengths, when acid solutions 
were rapidly neutralised by buffers of pH ~  8-5. The high basicity of phthalazine 
(pi^ 'a 3-50) was attributed to the high single-bond character of the N~N link.  ^ No 
resonance would be possible in the cations of phthalazines, unlike that of quinazoline, 
if they were hydrated across position 1,2 or 3,4.
Electron-deficiency and resonance-stabilisation are two common properties found in 
heterocyclic nitrogen compounds which undergo covalent hydration.® It was therefore 
argued that if the benzene ring in phthalazine was replaced by a pyridine ring then, in 
addition to increasing the electron-deficiency in the pyridazine ring, a resonance-stabilised 
hydrated cation would be possible (i.e., I; R =  H). All attempts to prepare 1,6,7- 
triazanaphthalene from 5,8-dichloro-1,6,7-triazanaphthalene were unsuccessful. 8-Methyl-
1,6,7-triazanaphthalene, however, was prepared, but, as with phthalazine and its I-methyl 
derivative, ultraviolet spectra and rapid neutralisations showed no hydration in the 
neutral species or the cation in aqueous solution. It was, therefore, concluded that the 
parent substance (II; R =  R' =  H) is also predominantly anhydrous because it was 
previously shown that a methyl group could effect very little dehydration (by its —I  
effect) when it was not attached to the carbon atom involved in covalent hydration.  ^ If 
the compound (I ; R =  H) were to be hydrated, water could add only across positions 
5,6 in order to give a resonance-stabilised cation.
(I)
8-Methyl-1,6,7-triazanaphthalene was synthesised by the following sequence: 2-acetyl- 
nicotinic acid I-oxide— 8-methyl-1,6,7-triazanaphthalene I-oxide— (II; R =  Me, 
R' =  OH) — (II; R =  Me, R' =  Cl) —^  8-methyl-5-(V'-toluene-_^-sulphonyl- 
hydrazino)-1,6,7-triazanaphthaleue hydrochloride— (II; R =  Me, R' =  H). Attempts 
to dechlorinate substance (II; R =  Me, R' =  Cl) by catalytic reduction with 5% palla- 
dium-charcoal, boiling with red phosphorus and hydriodic acid, or decomposing the 
5-hydrazino-derivative with copper sulphate were unsuccessful. Decomposition of
5-(iV'-toluene-7!)-sulphonylhydrazino)-derivative was satisfactory only with boiling 10% 
aqueous sodium carbonate solution. The structure (II; R =  Me, R' == Cl) was deduced 
from the similarity of the ultraviolet spectrum with that of the analogue (II ; R =  R' =  Cl) 
obtained from the diol (II ; R =  R' =  OH) of known structure, which was in turn prepared 
from quinolinic anhydride and hydrazine.  ^ " 2-Acetylnicotinic acid I-oxide p-miro- 
phenylhydrazone anhydride ” prepared by Bain and Saxton ® is undoubtedly 8-methyl-
6-^-nitrophenyl-5-oxo -1,6,7-triazanaphthalene I -oxide.
Experimental.—Microanalyses were by Dr. J. E. Fildes and her staff. The purity of 
materials was examined as before,’ and evaporations were carried out in a rotary evaporator 
a t 30°/15 mm. Physical measurements were made as before.®
Preparation of 1-methylphthalazine, as described recently,® resulted in poor yields due to 
losses incurred in the purification of the hydrochloride. I t  was more convenient to convert 
the product, isolated by sublimation or distillation (b. p. 124— 125°/0-5—0-6 mm.), into its 
picrate with saturated ethanolic picric acid. The picrate (m. p. 204—205°; lit.,^° m. p. 205°)
was decomposed in the usual m anner with 5N-aqueous sodium hydroxide. The sublimed 
m aterial (80% yield) gave one spot on paper chrom atography (W hatm an No. 1) in 3% 
ammonium chloride and in butan-l-ol-5N-acetic acid (3 : 1), and was deliquescent. I t  had 
m. p. 72— 73° (lit.,® 70 5— 7T5°) in a Pyrex capillary sealed in a dry-box (Found, for m aterial 
handled in a dry-box: C, 75 2; H, 5 6 ; N, 19 2. Calc, for CgHgNg: C, 75 0; H, 5 6 ; N, 19-4%).
b,^-Dichloro-\,Ç),l-triazanaphthalene. 5,8 -Dihydroxy-1,6,7-triazanaphthalene ® (3-26 g., 1 
mol.), phosphorus pentachloride (9-16 g., 2-2 mol.), and phosphorus oxychloride (50 ml.) were 
refluxed until a clear solution was obtained (6 — 8  hr.). The solvent was removed in vacuo, 
and the residue treated  w ith ice, neutralised with saturated sodium hydrogen carbonate, and 
extracted w ith chloroform. The residue obtained on evaporation of the dried (Na^SO^) 
extract, was passed in benzene through an alumina column ( 6  X 1 in. ; B.D.H.), and eluted w ith 
benzene. Evaporation of the eluates, and recrystallisation of the residue from large volumes 
of light petroleum (b. p. 80— 100°), gave 5,^-dichloro-l,Q,l-triazanaphthalene (2-6 g., 65%) as 
needles, m. p. 163— 164° (Found: C, 41-9; H, 1-5; Cl, 35-35. C7H 3CI0N 3 requires C, 42-0; 
H, 1-5; Cl, 35-4%), W  228 (log e 4-27), 269 (log e 3-77), and 236 mp (log s 4-22) in aqueous 
buffer (pH 7-0). WTen the above preparation was repeated on ten times the scale, the yield 
decreased to  40%.
5-Hydroxy-S-methyl-l,Q,l-triazanaphthalene l-oxide. A suspension of 2-acetylnicotinic 
acid 1-oxide 8 (17 g., 1 mol.) in ethanol (50 ml.) and hydrazine hydrate (5-3 ml., 1-1 mol.) 
became clear after 5 min. a t 100°. After 15 min., a white solid separated and heating was 
continued for 1 hr. The solid was collected, and recrystallisation from ethanol gave 5-hydroxy- 
%-methyl-\,Q,l-triazanaphthalene \-oxide (14-7 g., 8 8 %) as colourless prisms, m. p. 274—275° 
(decomp.) (Found: C, 54-7; H, 4-0; N, 23-7. CgH-KTOa requires C, 54-2; H, 4-0; N, 23-7%).
ô-Hydroxy-^-7nethyl-\,Ç),l-triazanaphthalene. A suspension of the preceding N-oxide (3-0 g.) 
and phosphorus trichloride (25 ml.) was refluxed for 45 min. and the solvent removed in vactio. 
The residue was treated  w ith water, filtered off, and dried. Recrystallisation from ethanol 
gave 5-hydroxy-S-methyl-l,Q>,l-triazanaphthalene (2-5 g., 91%) as needles, m. p. 249—250° 
(Found: C, 59-8; H, 4-5. C8H 7N 3O requires C, 59-6; H, 4-4%. Dumas nitrogen analyses 
were low.)
ô-Chloro-%-methyl -1,6,7- triazanaphthalene. 5-Hydroxy - 8  - m ethyl -1 ,6 ,7-triazanaphthalene
1-oxide (9-0 g.) and phosphorus trichloride (50 ml.) were refluxed for 35 min., phosphorus 
oxychloride (100 ml.) was added, and boiling continued for 45 min. Evaporation of the solvent 
a t 60°/15 mm., followed by trea tm ent of the residue as above for 5,8 -dichloro-l,6 ,7-triaza­
naphthalene, gave, after recrystallisation from light petroleum (b. p. 60— 80°), pale pink plates 
of ^-chloro-'è-methyl-\,<6,1-triazanaphthalene (6-0 g., 6 6 %), m. p. 162— 163° (Found: C, 53-3; 
H, 3-4; Cl, 19-6. CgHgClN3 requires C, 53-5; H, 3-4; Cl, 19-7%), 223 (log e 4-33), 262
(log z 3-71), and Xinfl_ 231 m[x (log z 4-25) in aqueous buffer of pH  7-0. The chloro-compound 
was obtained in similar yield when 5-hydroxy-8-methyl-1,6,7-triazanaphthalene was used 
instead of the A’-oxide.
o-Hy dr azino-S-methyl-\,6,1-triazanaphthalene. 5-Chloro-8-methyl-1,6,7-triazanaphthalene
(1-79 g., 1 mol.) in ethanol (30 ml.) and hydrazine hydrate (1-1 ml., 2-2 mol.) were allowed to 
react a t 20° for 5 hr. The yellow crystals were filtered off and recrystallised from ethanol or 
concentrated aqueous solution, to give 6-hydrazino-%-methyl-\,6,1-triazanaphthalene (1-4 g., 
80%), decomp. >180° (Found: C, 51-9; H, 5-5. CgHgNg^HgO requires C, 52-2; H, 5-5%), 
Vmax. 782, 925, 1164, 1455, 1635, 1652, 3050, 3200, and 3300 cm .'i (KBr disc).
%-Methyl-\,6,1-triazanaphthalene. 5-Chloro-8-methyl-1,6,7-triazanaphthalene (2-8 g., 1 mol.) 
in chloroform (15 ml., B.P.) and toluene-^-sulphonylhydrazine (2-91 g., 1 mol.) in hot 
chloroform ( 2 0  ml.), were allowed to react a t 2 0 ° for 6  days. The pale brown crystalline
8-methyl-5- (N'-toluene-/>-sulphonylhydrazino) -1,6,7-triazanaphthalene hydrochloride separated 
quantitatively  and was filtered off. This crude compound (2-5 g.) was heated in 10% aqueous 
solution of sodium carbonate (200 ml.) on a steam -bath for 30 min., then refluxed for 30 min. 
The cooled solution was extracted w ith chloroform, and the extract dried (Na^SO^) and 
evaporated. The red crystalline residue was passed, in benzene, through an alumina column 
( 6 x 1  in. Merck, Standard). The column was eluted w ith benzene (1  1.) b u t evaporation of 
the eluates gave no residue and a second elution w ith chloroform-benzene ( 1  : 1 ) removed an 
orange band. Evaporation of this gave an orange solid which was dissolved in  ethanol (3 ml.), 
diluted with light petroleum (b. p. 40—60°), and set aside a t 0° for 48 hr. The orange crystals 
(m. p. I l l — 113°) were sublimed a t 90—95°/0-02 mm. The colourless sublimate showed one
spot on paper chromatography (as above) and, after recrystallisation from light petroleum 
(b. p. 60—80°), it gave %-methyl-\,6,1-triazanaphthalene (0 40 g., 40%), m. p. 114— 115° (Found, 
after 24 hr. in air: C, 66-3; H, 5 0; N, 29 0. CgH^Ng requires C, 6 6  2; H, 4 9; N, 28-95%). 
I t  had pAa 2-96 ±  0 04 (analytical wavelength 294 m(j,, 1-25 x lO'^M, ionic strength 0-01), 
Xmax. 222 4 -  225 +  259, 258 +  286 +  296 m^t (log e 4-35 +  4-31 +  3-59, 3-60 +  3-11 +  2-90) 
in cyclohexane, X^ ax. 217 244, 250 +  284 mjj, (log e 4-45 +  4-30, 3-62 +  3-15) in aqueous
buffer of pH  6-0, and X^ ax. 216, 253 +  283 +  294 mp. (log e 4-58, 3-62 +  3-30 +  3-14) in aqueous 
hydrochloric acid of pH 0-80 (inflexions are in italics).
The picrate, prepared in benzene and recrystallised from methanol, had m. p. 173— 174° 
(decomp.) (Found: C, 45-0; H, 2-9; N, 22-6. Cj^HioNgO^ requires C, 44-9; H, 2-7; N, 22-5%).
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824. Covalent Hydration in l,4:,5,S-Tetra-azanaplit}ialenes.
By W. L. F. A r m a r e g o .
In aqueous solution 1,4,5,8-tetra-azanaphthalene and its 2-methyl and
2,3-dimethyl derivatives are covalently hydrated as the cations. However, 
their neutral molequles, and the neutral molecules and cations of the 2,3,6- 
trim ethyl and 2,3,6,7-tetramethyl derivatives, are predominantly anhydrous.
The structures (VIII; R  =  R ' =  H; R =  Me, R ' =  H;  and R  =  R ' =  Me, 
respectively) are assigned to the hydrated cations.
C o v a l e n t  hydration has been demonstrated in the cations of a number of condensed 
pyrimidine heterocycles. These include quinazoline (5,6-benzopyrimidine)1,3,5-, 1,3,7-, 
and 1,3,8-triazanaphthalenes (pyridopyrimidines),  ^ and pteridines (pyrazinopyrimidines) 
An extension of this work is to find out if water can be added across the carbon-nitrogen 
double bond in condensed pyrazine nuclei which are unsubstituted, e.g., in quinoxaline,
1,4,5- and 1,4,6-triazanaphthalene, and 1,4,5,8-tetra-azanaphthalene.
The neutral molecule of quinoxaline in water is anhydrous, for the ultraviolet spectra 
in water and in cyclohexane are closely similar.  ^ In the present work it is shown that 
the cation also is anhydrous, because the spectra in aqueous acid and in anhydrous di- 
chloroacetic acid are similar. The observed low value of quinoxaline (0-56)  ^ is 
compatible with its anhydrous nature because hydration would make one of the nitrogen 
atoms more strongly basic, 1,4,6-Triazanaphthalene has been shown to be covalently 
hydrated, though only in the cation,® and this hydration takes place in the pyrazine ring.’^ 
The neutral molecule and cation of 1,4,5-triazanaphthalene in water are anhydrous."^  
The aim of the present investigation was to increase the electron deficiency on the carbon 
atoms in the last-named substance in order to facilitate water addition, e.g., by introducing 
another nitrogen atom in the pyridine ring.® The results obtained with such a substance, 
1,4,5,8-tetra-azanaphthalene (pyrazinopyrazine), will now be described.
l,4,5,S-Tetra-azanaphthalene.—The ultraviolet absorption spectrum of 1,4,5,8-tetra- 
azanaphthalene in water at pH 7-0 has two main bands. The band at the longer wave­
length has much fine structure (see Figure). In addition, there is a weak band with a
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Ultraviolet spectra (in water) of 1,4,5,8-tetra-azanaphthalene: (A) neutral species 
(pH 7*0); (B) hydrated cation (pH 0-5); (C) hydrated neutral species (pH 8 T).
flat maximum at 375 m^ r which is due to the w->7t* transition. This characteristic 
spectrum was unchanged at 20° for 5 days, and it was almost unchanged in cyclohexane; 
hence, because the neutral species is anhydrous in the solid state, it must also be so in water. 
In aqueous acid, all the fine structure disappears and the long-wavelength band moves 
further (20 m )^ towards the visible region.
During spectrophotometric determination of the ionisation constant, the optical 
density readings at 344 mp reached a steady value rapidly at low pH values but took 
progressively longer as the pH was increased. Thus, at pH 3*26, about 18 hours was 
necessary to obtain a steady reading. [The equilibrium figures gave a pA"a value of 
2*51 (see Table 1).] That no degradation had occurred during the measurement was shown 
when the original spectrum of the neutral species was obtained by adjusting an acid 
solution, which had been kept for 24 hr. at 20°, from pH 0*0 to pH 6*0 and then setting
T a b l e  1.
Ionisation constants in H.,0 a t 20°.
Substance
1,4,5,8-Tetra-azanaphthalene .............................
2-Methyl- .........................................................
2.3-Dimethyl - .....................................................
2,3,6-Trimethyl-  
2,3,6,7-Tetramethyl-.........................................
Pyrazines
2-Amino-5,6 -dimethyl-.....................................
2.3-Diamino- .....................................................
2-Amino-3-dimethylamino- ......................... .
2.3-Diamino-5,6 -dimethyl .............................
2-Amino-3-dimethylamino-5,6 -dimethyl-  
* Analytical wavelength, f Equilm. readings taken after 24 hr. |  Cf. 2-aminopyrazine 2 93
(Cheeseman, / . ,  1962, 242). § Hammett functions at which 50% of base is protonated.
Spread Concn. A *
pAT. (±) ( 1 0 - ‘m ) (m^)
2 51 t 003 025 344
M 4 | 003 0 50 350
- 0  25 003 0  2 0 329
- 0  53 0 04 0  2 0 345
- 0 0 2 003 0 40 374
3 89 0  01 0:40 350
4 8 8  t 0 04 0*80 255
0 76 § 0 1 0 0  80 255
4 29 0  0 2 0 40 375
-0-24 § 0 05 0 40 375
5 36 0 0 2 0 40 375
1*23 § 0 05 0 40 375
4 8 8 0 0 2 0*25 370
- 0  18§ 005 0 25 400
T a b l e  2.
U ltraviolet spectra,® in water a t 20°.
pH or
Substituents Species * Amax. (m/x) logs H,
1 ,A,5,8-Teira-azanaphthalenes
Unsubst. ANM 224 -f 230 +  237 -f 245; 
278 4- 238 -f- 290 -f 296 +  
302 -f 308 -b 315 -f 322; 
375 =
3-38 4- 3-31 -P 3-30 -p 3-15; 
3-39 -P 3-57 4- 3-70 4- 3-85 4- 
3-98 -p 4-16 4- 4-15 -p 4-26; 
2-33
7-0
ANM 224 -f 232 +  239 -f 247; 
273 4- 278 -f 283 4 - 289 4-
3 40 -P 3-33 4- 3-26 -p 3-22; 
3-08 -P 3-29 -p 3-51 4- 3-71 -P
_d
295 4- 301 4- 307 -f 314 4- 
321; 402'
3-86 -p 3-96 4- 4-11 4- 4-08 4-
4-27; 2-36 =
ANM 310 -f 317 4- 324; 350 4-04 4- 4-05 4- 4-16; 3-26 -0 -9
HC 250; 342 4-02; 3-79 0-5
HNM P 244; 331 3-92; 3-97 8-1
2-Methyl- ANM 224 4- 238 4- 247; 288 4 - 
294 4 - 300 4- 306 4- 313 4- 
320 4 - 327; 360
3-48 4- 3-22 4- 3-04; 3-65 +  
3 73 4- 3-90 +  4-03 4- 4-19 4-
4-18 +  4-28; 2-49
7-0
ANM 240 + 248; 275 -f 281 4- 
287 4- 292-5 -f 298-5 4- 
304-5 4 - 311-5 4- 318 4 - 325; 
401
3-24 4- 3-08; 3-12 4- 3-36 4-
3-58 4- 3-74 +  3-90 4- 3-99 4-
4-16 4- 4-13 4- 4-27; 2-17
_h
ANM 308 -f 316 4- 322 4- 330 3-69 4- 3-85 +  3-87 4- 3-99 -0 -9 /
HC 246; 365 3-81; 4-12 — 2 0
2,3-Dimethyl- ANM 225 4- 240 -h 248; 295 -f 
303 4- 309 -4  315-5 -f 322 -p 
329; 362
3-51 4- 3-25 4- 3-12; 3-70 4-
3-94 4- 4-07 4- 4-24 4- 4-21 4-
4-30; 2-67
7-0
ANM 227 4- 233 -f- 241-5 4- 249-5; 
283 4- 289 4- 294 4- 300 -f 
306-5 4- 313 -P 320 -P 327; 
390
3-48 4- 3-34 4- 3-14 +  3-04;
3-47 4- 3-61 4- 3-75 +  3-90 4-
4-01 4- 4-19 4- 4-16 4- 4-27; 
2-25
_d
ANM 312 4- 320 4- 324 -P 333 3-97 4- 4-11 4- 4-12 -p 4-18 -0 -9 /
HC 246; 378 -p 394 3-88; 4-09 4- 4-02 -2-28
T a b l e  2. [Continued.)
Substituents Species * Ainax. (uip) loge
pH or 
Ho
2,3,6-Trimethyl- ANM 208 4- 226; 283 4 - 299 4- 4-24 4 - 3-61; 3-42 -p 3-72 4- 7-0
ANM
307 4- 313 4- 320 -f- 326-5 -f 
334-5
226; 280 -f 286 + 292 -j-
3-97 4- 4-09 4- 4-26 -p 4-24 -P
4-33
3-61; 3-28 -P 3-53 -P 3-68 -P __à
AC
297 4- 303-5 -f- 310 -}- 317 -f 
324 4- 331-5; 390 
331 4 - 340; 387
3-80 -P 3-94 4- 4-07 -P 4-25 -P
4-23 -P 4-33; 2-35 
4-75 4-4-21; 2-98 -0 -9 /
AC* 212 -p 234; 332 -P 343; 3-98 4- 5-63; 4-10 -P 4-18; -2-76
2,3,6,7-T etramethy 1- ANM
373 4- 401
209 +  241 -p 230; 280 -P
3-71 4- «3-57
4-22 4- 4-20 4- S-60; 3-35 4- 7-0
ANM
308 4- 322 4- 329 -P 337 
235 -P 250 ; 288 -P 293 -P
4-00 4- 4-29 4- 4-26 4- 4-34 
3-57 4- 3*77; 3-57 4- 3*67 4- _h
AC
299-5 -P 306 +  313 -P 319 -P 
326 4- 334; 378 
336 4- 347
3-76 4- 3-96 +  4-09 4- 4-27 4-
4-24 +  4-36; 2-52 
4-26 +  4-29 -0 -9 /
AC 215 -P 235; 335 4- 346 4-10 +  3-52; 4-29 +  4-34 -2 -3
AC
Quinoxaline / (for comparison)
242 -p 244 4 - 331 4-40 -p 4-38; 3-85 - 2-1
AC 333 3-90 0-9/
2-Amino-5,6 -dimethy I- NM
Pyrazines 
232; 284 -P 322 4-02; 3-21 +  3-81 7-0
C 234; 345 4-06; 3-91 1-0
2,3-Diamino- NM 239; 321 3-95; 3-90 7-0
MC 245; 331 3-99; 3-96 2 -8
DC 242; 341 3-97; 3-99 -1-38
2-Amino-3-dimethyl- NM 250; 327 3-81; 3-88 7-0
amino- MC 260; 345 3-80; 3 91 2 - 0
DC 258; 363 3-96; 3-99 -2-28
2,3-Diamino-5,6-di- NM 237; 335 3-98; 3-96 8 - 0
methyl- MC 244; 352 3-92; 4-01 3-3
DC 242; 366 -P 380 4-03; 4-14 +  3-97 - 1  12
2-Amino-3-dimethyl- NM 245; 339 3-87; 3-93 7-0
amino-5,6 -dimethyl- MC 249; 358 3-83; 3-99 2-5
DC 259; 390 3-95; 4-06 -2-28
“ Inflexions are in italics. ® NM =  neutral molecule. ANM =  anhydrous neutral molecule.
HNM =  hydrated neutral molecule, AC =  anhydrous cation, HC =  hydrated cation, MC =  mono­
cation, and DC =  dication. = Flat maximum.  ^ In cyclohexane. « This w->t7 * band is from 
Mason (/., 1962, 493). / In anhydrous dichloroacetic acid. " This spectrum was obtained by 
rapidly neutralising a solution of the hydrated cation in a buffer at pH 81. * In a 01% solution
of chloroform in cyclohexane. * This contains a trace of hydrated cation. / The pA'a is 0  56 ±  0  04 
(cf. ref. 5).
it aside for 6 days. The anomalous nature of the cation, as revealed by the slow equili­
bration, suggested that either covalent hydration or ring opening had occurred.
When an acid solution of the anomalous cation was immediately mixed (within 1 
second) with a buffer solution containing an equivalent of alkali to give a final pH of 8-1, 
the spectrum of a new substance (shown later to be the hydrated neutral molecule, see 
Figure) was obtained. It was similar to that of the anomalous cation but displaced to 
shorter wavelengths. At this high pH, the spectrum altered only slowly, but after 16 
days at 20° it had completely changed to the characteristic spectrum of the anhydrous 
neutral molecule. By observing the rate of change of optical density at 309 mp after rapid 
neutralisation at 23*8°, it was found that the decomposition of the new substance followed 
first-order kinetics. When the final buffers had pH 0 21, 0*98, and 2*05 the first-order 
constants observed were 0*385, 0*073, and 0*0106 sec."^  and the half-lives were 1*9, 9*5, 
and 65 sec., respectively. The conversion of the anomalous into the anhydrous neutral 
species is thus acid-catalysed, which explains the drifts during the estabUshment of equiU- 
brium in the above pK^ determination.
That water was involved in the formation of the anomalous cation was shown by ex­
a m in in g  th e  s p e c tr u m  o f  1 ,4 ,5 ,8 - t e tr a -a z a n a p h th a le n e  in  a n h y d r o u s  d ic h lo r o a c e t ic  a c id  
{Hq — 0-9 ) ;  ^ e x c e p t  fo r  s m a ll s o lv e n t  s h if t s ,  i t  w a s  s im ila r  to  t h a t  o f  th e  a n h y d r o u s  n e u tr a l  
m o le c u le . T h e  a n h y d r o u s  c a t io n  o f  1 ,4 ,5 ,8 - t e tr a -a z a n a p h th a le n e  (p r e d ic te d  pÆg, — 2*7, 
se e  b e lo w ) sh o u ld  n o t  b e  fo r m e d  in  a n h y d r o u s  or a q u e o u s  d ic h lo r o a c e t ic  a c id . H o w e v e r ,  
g r a d u a l a d d it io n  o f  w a te r  to  th e  a c id  s o lu t io n  o f  th e  b a s e  c a u se d  a p p e a r a n c e  o f  th e  b a n d  
a t  3 4 8  m(x, d u e  to  th e  a n o m a lo u s  c a t io n , a n d  a  c o r r e sp o n d in g  d e c r e a se  in  th e  o p t ic a l  
d e n s it ie s  o f  th e  p e a k s  a t  3 2 4 , 3 1 7 , a n d  3 1 0  m[i. A t  a  c o n c e n tr a t io n  o f  T 5 %  b y  w e ig h t  o f  
w a te r  in  d ic h lo r o a c e t ic  a c id , 5 0 %  o f  th e  a n o m a lo u s  c a t io n  w a s  fo r m e d . T h e  o th e r  b a n d s  
a t  lo w e r  w a v e le n g th s  c o u ld  n o t  b e  o b s e r v e d  b e c a u s e  th e  tr a n s p a r e n c y  l im it  o f  d ic h lo r o ­
a c e t ic  a c id  is  ca. 3 0 0  m ^ .
T h e  o b s e r v e d  v a lu e  o f  2  51  is  a n  e q u ilib r iu m  p/C^ w h ic h  in c lu d e s  p r o to n a t io n
a n d  c o v a le n t  h y d r a t io n , a s  sh o w n  in  t h e  e q u ilib r ia  b e tw e e n  (1), ( I I ) , (H I ) ,  a n d  (I V ):
m S,,“ m
\|  ^ +H
N N
S im ila r  e q u ilib r ia  o c c u r  w ith  q u in azo lin es ,®  p ter id in es ,^  a n d  so m e  tr ia z a n a p h th a le n e s .^
I t  is , h o w e v e r , a lso  c o n c e iv a b le , t h a t  fo r m a tio n  o f  th e  h y d r a te d  c a t io n  is  v e r y  fa s t  a t  
a ll p H  v a lu e s  a n d  is  fo l lo w e d  b y  a  s lo w  r a te -d e te r m in in g  r in g -o p e n in g  o f  th e  c a t io n  (IV )  
to  g iv e  t h e  a ld e h y d e  (V ) b y  a  s im p le  p r o to tr o p ic  s h if t .  T h e  s e c o n d  p o s s ib i l i t y  w a s  e x ­
c lu d e d  o n  t h e  fo l lo w in g  g r o u n d s  : (a) A c id  s o lu t io n s  o f  1 ,4 ,5 ,8 - t e tr a -a z a n a p h th a le n e ,
m ix e d  w ith  b u ffe r e d  s o lu t io n s  o f  ^ -n itr o p h e n y lh y d r a z in e  t o  g iv e  f in a lly  p H  2 5 , TO, a n d  
0  0 , w e r e  u n c h a n g e d  a t  2 0 °  fo r  2  h r. C o n tr o ls  w it h  g ly o x a l ,  g ly o x a l  d ie t h y l  
m o n o a c e ta l,  a n d  o -a m in o b e n z a ld e h y d e  g a v e  im m e d ia te  p r e c ip ita te s ,  or c o lo u r s , o f  th e  
h y d r a z o n e s . (b) O n e  e q u iv a le n t  o f  h y d r o g e n  p e r o x id e  a t  2 0 °  c o n v e r te d  1 ,4 ,5 ,8 - t e t r a -  
a z a n a p h th a le n e  in  N -su lp h u r ic  a c id  in  3 d a y s  in to  a  h ig h ly  in s o lu b le  m a te r ia l  w h ic h ,  
a fte r  f i ltr a t io n  a n d  d r y in g  in  a ir  (in  o rd er  to  a v o id  th e  p o s s ib i l i t y  o f  r in g  c lo su r e  b y  h e a t ) ,  
h a d  t h e  fo r m u la  C6 H^N^0 g ,^ H 2 0 . I t s  in fr a r e d  sp e c tr u m  w a s  id e n t ic a l  w ith  t h a t  o f  2 ,3 -d i-  
h y d r o x y - l ,4 ,5 ,8 - t e t r a -a z a n a p h th a le n e  (e x c e p t  fo r  th e  2 5 0 0 — 3 3 0 0  c m .“  ^ w a te r  reg io n )  
a n d  in c lu d e d  s tr o n g  c a r b o n y l b a n d s  a t  1 7 2 0  a n d  1 6 8 0  cm."^. T h e  a u th e n t ic  d ih y d r o x y -  
c o m p o u n d  w a s  p r e p a r e d  b y  c o n d e n s in g  2 ,3 -d ia m in o p y r a z in e  w ith  d ie t h y l  o x a la t e  a n d  h e a t ­
in g  t h e  p r o d u c t  a t  2 3 0 °  fo r  3  hr. t o  c o m p le te  r in g  c lo su re . T h is  e v id e n c e , th e r e fo r e ,  
su p p o r ts  t h e  s tr u c tu r e  (IV ) fo r  th e  a n o m a lo u s  c a t io n , a n d  c o n s e q u e n t ly  (111) for  th e  
a n o m a lo u s  n e u tr a l m o le c u le , b e c a u s e  th e  r in g -o p e n e d  s t r u c tu r e  (V) w o u ld  h a v e  o x id is e d
C + X  CHO ■ C X  COzH
H (V) (VI)
t o  t h e  a c id  (V I) u n d e r  th e s e  c o n d it io n s , (c) A  d e ta i le d  k in e t ic  s t u d y  o f  th e  h y d r a t io n -  
d e h y d r a t io n  p r o c e ss  in  a z a h e te r o c y c le s  h a s  sh o w n  i t  t o  b e  a c id -  a n d  b a s e -c a ta ly s e d , to  
fo l lo w  f ir s t-o rd er  k in e t ic s  w h e n  o n e  w a te r  m o le c u le  is  in v o lv e d , a n d  to  b e  m e a s u r a b ly  
s lo w  in  t h e  p H  r e g io n  TO— 11.
A lth o u g h  th e  d ih y d r o x y -c o m p o u n d  w a s  th e  o n ly  p r o d u c t  is o la te d  fro m  th e  m o th e r -  
h q u o r s  o f  th e  a b o v e  o x id a t io n , i t  s e e m s  t h a t  o x id a t io n  o f  th e  h y d r a te d  c a t io n  g a v e
2 -h y d r o x y te tr a -a z a n a p h th a le n e  ( i t s e lf  r e a d ily  h y d r a te d  a c r o ss  th e  3 ,4 -d o u b le  b o n d )
a n d  w a s  fo l lo w e d  b y  fu r th e r  r a p id  o x id a t io n  t o  t h e  d ih y d r o x y -c o m p o u n d . T h is  is  n o t  
u n lik e ly  b e c a u s e  2 -h y d r o x y - l ,4 ,5 - t r ia z a n a p h th a le n e  is  k n o w n  to  b e  h y d r a te d  (in  th e  
ca t io n )  to  a  s m a ll  e x te n t .  A n  a t t e m p t  w a s  th u s  m a d e  to  p re p a r e  2 - h y d r o x y - l ,4 ,5 ,8 -  
t e t r a -a z a n a p h th a le n e  b y  c o n d e n s in g  2 ,3 -d ia m in o p y r a z in e  w ith  e t h y l  g ly o x y la t e  h e m ie t h y l  
a c e ta l . T h e  s l ig h t ly  s o lu b le  p r o d u c t  g a v e  a n a ly t ic a l  f ig u res  fo r  CgHgN^Og, in d ic a t in g  
t h a t  i t  h a d  fo r m u la  (V I) or (V II ) . I t  g a v e  o n e  c a r b o n ly l b a n d , a t  1 7 0 0  cm.~^, a n d  t h e  
s t r u c tu r e  (V I) w a s  e x c lu d e d  o n  th e  e v id e n c e  t h a t  th e  in fr a r e d  s p e c tr u m  w a s  u n c h a n g e d  
(e x c e p t  for  th e  2 5 0 0 — 3 3 0 0  cm."^ reg io n ) a fte r  I-|- h o u r s ’ h e a t in g  a t  1 8 0 ° . O x id a t io n  a t  
2 0 °  w ith  h y d r o g e n  p e r o x id e  in  2 N -su lp h u r ic  a c id  g a v e  o n ly  2 ,3 -d ih y d r o x y -1 ,4 ,5 ,8 - t e t r a -  
a z a n a p h th a le n e , in  5 0 %  y ie ld .
H (v n ) ^  H (VIII) ^  ^
T h e  a n o m a lo u s  c a t io n  o f  1 ,4 ,5 ,8 - t e tr a -a z a n a p h th a le n e  c a n  th e r e fo r e  b e  w r it t e n  a s  th e  
c o v a le n t ly  h y d r a te d  c a t io n  (V I I I  ; R  =  R ' == H ) w h ic h  is  s ta b il is e d  b y  a  2 -a m in o -  
p y r id in e  t y p e  o f  r e so n a n c e . T h e  c a t io n  o f  1 ,4 ,5 - t r ia z a n a p h th a le n e , h o w e v e r , is  
a n h y d r o u s  a lth o u g h  a  s im ila r  r e so n a n c e  is  p o s s ib le . T h e  r e a so n  fo r  h y d r a t io n  in  1 ,4 ,5 ,8 -  
t e t r a -a z a n a p h th a le n e  m a y  w e ll  b e  d u e  to  th e  h ig h e r  c o n te n t  o f  d o u b ly  b o u n d  n itr o g e n  
a to m s  w h ic h  c a u s e  a  s u f f ic ie n t ly  s tr o n g  e le c tr o n -d e f ic ie n c y  a t  th e  c a r b o n  a to m s . S in c e  
h y d r a t io n  is  a  s lo w  e q u il ib r iu m  p r o c e ss , th e  2 -a m in o p y r id in e  t y p e  o f  r e so n a n c e , a lth o u g h  
in v o lv in g  l i t t l e  e n e r g y  c h a n g e , m u s t  p la y  a  s ig n if ic a n t  p a r t . H y d r a t io n  in  1 ,4 ,5 ,8 - t e tr a -  
a z a n a p h th a le n e  is  th u s  in te r m e d ia te  b e tw e e n  th o s e  o f  p te r id in e   ^ (w h ic h  is  h y d r a te d  t o  t h e  
e x t e n t  o f  ~ 2 2 % in  th e  n e u tr a l m o le c u le , a n d  a lm o s t  c o m p le te ly  in  th e  c a t io n  w h ic h  
s lo w ly  u n d e r g o e s  r in g  o p e n in g ) a n d  1 ,4 ,5 - tr ia z a n a p h th a le n e .
C-Methyl derivatives o f ^-Tetra-azanaphthalene.— T h e  r e p la c e m e n t  o f  a  h y d r o g e n
a to m  b y  a  m e t h y l  g r o u p , o n  th e  c a r b o n  a to m  t h a t  u n d e r g o e s  a t t a c k  b y  0 H “ or  w a te r  
m o le c u le s  in  th e  h y d r a t io n  o f  a z a h e te r o c y c le s ,  h a s  b e e n  sh o w n  to  in h ib it  h y d r a t io n  to  a  
la r g e  degree . ^’ Th i s  e f fe c t  c a n  b e  d e m o n s tr a te d  in  th e  1 ,4 ,5 ,8 - t e tr a -a z a n a p h th a le n e s .
2 ,3 , 6 ,7 -T e tr a m e th y l- 1 ,4 ,5 ,8 - t e tr a -a z a n a p h th a le n e  is  a  w e a k  b a s e  (pA'a — 0 -0 2 ; s e e  T a b le  I)  
a n d  i t s  n e u tr a l m o le c u le  is  a n h y d r o u s , a s  sh o w n  b y  th e  s im ila r ity  o f  t h e  s p e c tr a  in  w a te r  
a n d  in  c y c lo h e x a n e . I t s  c a t io n  in  w a te r  s h o w s  s m a ll  b a th o c h r o m y  (9 m[x) w h e n  c o m p a r e d  
w it h  th e  n e u tr a l m o le c u le . T h e  sp e c tr u m  in  d ic h lo r o a c e t ic  a c id , w h e r e  9 0 %  o f  th e  m o le ­
c u le s  are  p r o to n a te d , is  id e n t ic a l  w ith  t h a t  in  a q u e o u s  a c id  (see  T a b le  2) a n d  a d d it io n  o f  
w a te r  d o e s  n o t  a lte r  th e  sp e c tr u m . W it h  th is  c o m p o u n d  a s  th e  s ta n d a r d  fo r  th is  ser ie s ,  
a n d  0 - 8  * a n d  0  3  pA ^  u n it  a s  th e  b a s e - s tr e n g th e n in g  e f fe c t  o f  a  m e t h y l  g r o u p  w h e n  in  th e  
p r o to n a te d  a n d  th e  u n p r o to n a te d  r in g , r e s p e c t iv e ly ,  th e  p A ^  v a lu e s  p r e d ic te d  for  2 ,3 ,6 - tr i­
m e t h y l- ,  2 ,3 -d im e th y l- ,  2 -m e th y l- ,  a n d  u n s u b s t i tu t e d  1 ,4 ,5 ,8 - t e tr a -a z a n a p h th a le n e  
b e c o m e  a b o u t  — 0 -8 , — I T ,  — T 9 , a n d  — 2-7 , r e s p e c t iv e ly .
B y  th is  m e th o d , i t  w a s  sh o w n  t h a t  th e  n e u tr a l m o le c u le s  o f  th e  tr im e th y l ;  2 ,3 -d im e th y l;  
a n d  m o n o m e t h y l- I , 4 ,5 ,8 - t e tr a -a z a n a p h th a le n e  w e r e  a n h y d r o u s . T h e  c a t io n  o f  th e
2 ,3 ,6 - t r im e t h y l  c o m p o u n d  w a s  a lm o s t  fu l ly  a n h y d r o u s . 2 ,3 -D im e th y T I  ,4 ,5 ,8 - t e tr a -  
a z a n a p h th a le n e  c a t io n  w a s  p r e d o m in a n t ly  h y d r a te d  s in c e  in  d ic h lo r o a c e t ic  a c id , w h e r e  
—'80%  o f  c a t io n  sh o u ld  b e  p r e se n t  if  th e  p A ^  (T a b le  I) re fers  to  th e  a n h y d r o u s  c a t io n , th e  
sp e c tr u m  w a s  e s s e n t ia l ly  t h a t  o f  th e  a n h y d r o u s  n e u tr a l m o le c u le . S im ila r ly , th e  c a t io n  o f  
th e  2 -m e th y l  d e r iv a t iv e  w a s  p r e d o m in a n t ly  h y d r a te d  in  a q u e o u s  s o lu t io n . I n  b o th  c a se s  
a d d it io n  o f  w a te r  t o  th e  d ic h lo r o a c e t ic  a c id  s o lu t io n s  c a u se d  th e  a p p e a r a n c e  o f  th e  b a n d s ,  
a t  '—3 8 0  a n d  3 6 0  m|j., r e s p e c t iv e ly ,  c o r r e sp o n d in g  to  th e  h y d r a te d  c a t io n s . T h e s e  r e s u lts  
are  in  a g r e e m e n t  w ith  th e  io n is a t io n  c o n s ta n ts .  W h e r e a s  th e  p A a  v a lu e  o f  th e  t r im e th y l
* Compare the  p%^ values of 0-6, 14 , and 3-7 for pyrazine, 2 -m ethylpyrazine, and 2,3,5,6-tetra- 
m ethylpyrazine (ref. 8 , p. 345).
d e r iv a t iv e  d iffers  b u t  l i t t l e  fro m  th e  p r e d ic te d  v a lu e ,  th e  d if fe r e n c e  is  la r g e  in  th e  d i-  a n d  
th e  m o n o -m e th y l  d e r iv a t iv e s .  T h is  a p p a r e n t ly  b a s e -w e a k e n in g  e ffe c t  o f  C -m e th y l  g r o u p s  
h a s  b e e n  fo u n d  a lso  in  th e  2 -a m in o p te r id in e  series.^^
T h e  s t r u c tu r e  ( V I I I ;  R  =  R ' =  M e) fo r  th e  h y d r a te d  c a t io n  o f  2 ,3 -d im e th y l -1 ,4 ,5 ,8 -  
t e t r a -a z a n a p h th a le n e  is  d e r iv e d  fro m  it s  a n a lo g y  w ith  th e  p a r e n t  s u b s ta n c e , a n d  t h e  t w o  
a v a ila b le  p o s it io n s  {i.e., 2  a n d  3) fo r  h y d r a t io n  are  e q u iv a le n t .  T h e  c a se  is  s o m e w h a t  
d iffe r e n t w ith  t h e  2 -m e th y l-1 ,4 ,5 ,8 - te tr a -a z a n a p h th a le n e  c a t io n  b e c a u s e  th e r e  a re  tw o  
p o s s ib il it ie s .  7 ,8 -A d d it io n  is  fa v o u r e d  b e c a u se  th e  r e s o n a n c e - s ta b i lis e d  c a t io n  ( V I I I ;  
R  =  M e, R ’ =  H ) is  fo r m e d . N o  s u c h  s ta b il is a t io n  is  p o s s ib le  i f  th e  5 ,6 -p o s it io n  is  
h y d r a te d  {i.e., I X ) .
0 ' . :  f t ............
Aminopyrazines.— T h e  p h y s ic a l  p r o p e r t ie s  o f  f iv e  a m in o p y r a z in e s  h a v e  b e e n  d e te r m in e d  
a n d  are  g iv e n  in  T a b le s  I a n d  2 . T h e  b a s ic  s t r e n g th  o f  2 -a m in o p y r a z in e s  in c r e a s e s  o n  
in t r o d u c t io n  o f  a  s e c o n d  a m in o -g r o u p  in  p o s it io n  3 . H o w e v e r , th e  fir st  d is s o c ia t io n  o f
2 ,3 -d ia m in o p y r a z in e s  d e c r e a se s  w h e n  tw o  m e t h y l  g r o u p s  a re  in tr o d u c e d  in t o  o n e  o f  th e  
a m in o -g r o u p s . C h e e se m a n  h a s  ' sh o w n  t h a t  in  2 -a m in o p y r a z in e , p r o to n a t io n  o c c u r s  
o n  N - I  a n d , a s  w ith  2 -a m in o p y r id in e , th e  r e so n a n c e  s tr u c tu r e  (X ) c a n  b e  w r it t e n  fo r  th e  
c a t io n . T h e  b a se -w e a k e n in g  e ffe c t  in  2 -a m in o -3 -d im e th y la m in o p y r a z in e s  c a n  b e  a t t r i ­
b u te d  t o  th e  la c k  o f  s ig n if ic a n t  c o n tr ib u t io n  fro m  (X ;  b ) o n  a c c o u n t  o f  s te r ic  h in d r a n c e .  
T h e  u lt r a v io le t  s p e c tr a  sh o w  tw o  b a n d s  in  a ll  th r e e  sp e c ie s . T h e  lo n g -w a v e le n g th  b a n d  
m o v e s  p r o g r e s s iv e ly  to w a r d s  th e  v is ib le  r e g io n  o n  g o in g  fro m  n e u tr a l m o le c u le  to  m o n o ­
c a t io n  a n d  th e n  t o  d ic a t io n .
E x p e r im e n t a l
M icroanalyses w ere  b y  D r. J .  E . E lides a n d  h e r  staff. E v a p o ra tio n s  w ere ca rrie d  o u t  in  a  
ro ta r y  e v a p o ra to r  a t  30— 40°/15 m m ., a n d  th e  p u r i ty  of m a te r ia ls  w as e x a m in e d  as before.®
2 ,^-D ia m in o p yra z in e .— D ie th y lm a lo n a te  (400 g.) w as n itro sa te d  as d escribed  previously,^® 
b u t  i t  w as n ecessary  to  w ash  th e  n itro so -co m p o u n d  w ith  20%  u re a  so lu tio n . T h e  u n d is tille d  
p ro d u c t, in  h a lf i ts  v o lu m e of e th an o l, w as h y d ro g e n a te d  w ith  5%  p a lla d iu m -c h a rc o a l (15 g.) 
a t  100— 50 a tm . below  40° a n d  red u c tio n  req u ired  8 — 10 h r. N o h y d ro g en  u p ta k e  o ccu rred  a t  
a tm o sp h e ric  p ressu re  of h y d ro g en  (cf. ref. 12). E th y l  a m in o m a lo n a te  w as o b ta in e d  in  74%  
o v era ll y ie ld  a n d  h a d  b. p . 108°/l-4  m m . ; i t  w as c o n v e rted  to  am in o m a lo n d ia m id e  as d e ­
scribed.^® A tte m p ts  to  c o n v e r t th e  d iam id e  in to  2 -h y d ro x y p y raz in e -3 -ca rb o x a m id e  b y  th e  
m e th o d  of M u eh lm an n  an d  D ay  w ere u n sa tis fa c to ry  b u t  J o n e s ’s method,^® on a  50-g. scale, 
gave  79%  of th e  h y d ro x y -a m id e . T h is w as d eg rad ed  w ith  p o ta ss iu m  hypobrom ite,^®  on  a  
40-g. scale, to  g ive a  74— 84%  y ie ld  of 2 -am in o -3 -h y d ro x y p y raz in e , m . p . 290— 295° (decom p.) 
[lit.,1® 292— 298° (decom p.)]. 2 -A m ino-3-ch lo ropyraz ine  (40— 70%  yield), m . p . 168— 169° 
(lit.,1® 168°), w as p re p a re d  from  th e  h y d ro x y -c o m p o u n d  (5 g.) an d  p h o sp h o ru s  o x y ch lo rid e  
( 2 0  m l.) (the  reco m m en d ed  a d d itio n  of w a te r  w as found  inadv isab le) in  a  sealed  tu b e  a t  118° 
fo r 6  h r.
2 -A m ino-3-ch lo ropyraz ine  ( 8  g.), aqu eo u s am m o n ia  {d 0-880; 80 m l.), liq u id  am m o n ia  
(80 m l.), a n d  a  tra c e  of co p p e r b ro n ze  w ere h e a te d  in  a  stee l tu b e  a t  135° for 24 h r. T h e  so lu ­
t io n  in  w a te r  (100-m l. p o rtions) w as re p e a te d ly  e v a p o ra te d  to  d ryness. T h e  resid u e  w as bo iled  
w ith  e th y l a c e ta te  (50 m l.), a n d  th e  m ix tu re  w as f ilte red ; th e  in so lub le  2 ,3 -d iam in o p y raz in e  
(70— 80% ), m . p. 195— 200° (lit.,^^*^® 203°), w as used  in  th e  su b se q u e n t con d en sa tio n s.
2,Z-D iam ino-5 ,Q -dim ethylpyrazine.— 2-A m in o -5 ,6 -d im e th y lp y raz in e -3 -ca rb o x y lic  ac id  (13 
g.) a n d  d ip h e n y l e th e r  (40 m l.) w ere  h e a te d  a t  210— 217° fo r 15 m in ., cooled, d ilu te d  w ith  ch lo ro ­
fo rm  ( 2 0 0  m l.), bo iled  w ith  charcoal, an d  filte red , a n d  th e  ch lo ro fo rm  w as rem o v ed  in  vacuo. 
T h e  resid u e  w as d ilu te d  w ith  lig h t p e tro leu m  (b. p . 40— 60°); 2 -am in o -5 ,6 -d im e th y lp y ra z in e  
(8-3 g., 80% ) w as filte red  off an d , a f te r  re c ry s ta llisa tio n  from  b e n z e n e -l ig h t p e tro leu m  (b. p .
40— 60°), h a d  m . p . 147— 148° (lit., 151° an d  140— 144°, w h ere  c a rb ito l a c e ta te  a n d  su lp h u ric  
ac id , 1® resp ec tiv e ly , w ere used  fo r d ec arb o x y la tio n ) (F o u n d : C, 58 5; H , 7 35; N , 33 7. Calc, 
fo r CgHgNg: C, 58 5; H , 7 4; N , 34-1% ). T h is  am in e  w as b ro m in a te d  a n d  a m in a te d  as 
before.^''
2-A m in o -^ -d im eth y la m in o p yra zin e .— 2-A m ino-3 -ch lo ropy raz ine  ( 1  g.), 30%  aq u e o u s  d i- 
m e th y lam in e  ( 8  m l.), an d  a  tra c e  of co pper b ronze  w ere h e a te d  in  a  sealed  tu b e  a t  120— 130° 
fo r 24 h r. 2 -A n iino-Z -d im ethy lam inopyrazine  (0-75 g., 75% ) se p a ra te d  on cooling, su b lim ed  a t  
1 0 0 ° /0 - 0 2  m m ., a n d  a f te r  re c ry s ta llisa tio n  from  lig h t p e tro le u m  (b. p. 60— 80°) h a d  m . p . 1 1 0 —  
111° (F o u n d : 0 ,5 2 -3 ;  H , 7-3; N , 40-8. CgHigN, req u ire s  C, 52-15; H , 7-3; N , 40-55% ).
2-Am ino-Z-dim ethylam ino-5 ,Ç )-dim ethylpyrazine.— T h is base w as o b ta in e d  in  98%  y ie ld  
fro m  2 -am in o -3 -b ro m o -5 ,6 -d im e th y lp y ra z in e  b y  th e  ab o v e  m e th o d  a n d  h a d  m . p . 108— 109° 
(F o u n d : 0 ,5 8 -0 ;  H , 8 -6 ; N , 33-7. OgH^.N^ req u ires  0 , 57-8; H , 8 -5 ; N , 33-7% ).
1,4:,^,^-Tetra-azanaphthalene  (by  H . T. O p E n s h a w  a n d  G. K . R u f f e l l ) . — 2,3-D iam ino - 
p y ra z in e  (0-7 g.), d isso lved  in  a  m ix tu re  of 50%  w /w  aq u eo u s g ly o x a l (1-35 g.) a n d  w a te r  (10 m l.), 
w as h e a te d  on  a  s te a m -b a th  fo r 5 m in. ; th e  yellow  c ry s ta ls  (0-65 g.) w ere co llec ted , su b lim ed  
a t  170°/0-75 m m ., an d  rec ry s ta llised  from  w a te r , g iv ing  1,4t,6 ,^-tetra-azanaphthalene, decom p. 
> 2 7 0 °  (F o u n d : 0 , 54-6; H , 3-0; N , 42-5. OgH^N, req u ire s  0 , 54-5; H , 3-05; N , 42-4% ). 
T h e  p re se n t a u th o r  finds th is  m e th o d  sa tis fa c to ry  also w ith  la rg e r  q u a n titie s .
2-M ethyl-1,4:,5 ,S-tetra-azanaphthalene.— 2 ,3 -D iam in o p y raz in e  (0-25 g., 1  m ol.) in  e th a n o l 
(5 m l.), a n d  a  so lu tio n  of 25%  aq u eo u s  m e th y lg ly o x a l (0-64 m l. ; 1-3 equ iv .), gave  yellow  
need les a f te r  24 h r. a t  20°. P a p e r  c h ro m a to g ra p h y  show ed th e  re a c tio n  to  be  in c o m p le te  in  
3 h r. S u b lim a tio n  a t  120— 130°/0-02 m m . a n d  re c ry s ta llisa tio n  from  e th a n o l g av e  2-m ethyl- 
\,4:,5,% -tetra-azanaphthalene, m . p . 196— 197° a f te r  ch an g e  of co lou r to  o ran g e  a t  ~ 1 7 0 °  (F o u n d : 
0 , 57-5; H , 4-2; N , 38-6. O^HgN^ req u ires  0 , 57-5; H , 4-1; N , 38-3% ).
2 ,^-D im ethyl-\,4:,5 ,^-tetra-azanaphthalene.— T h e p re p a ra tio n  re p o r te d  gave  v e ry  p o o r 
y ie ld s  a n d  th e  fo llow ing is a n  ap p lic a tio n  of th e  m e th o d  used  fo r 1 ,4 ,6 - tr ia z a n a p h th a le n e . i® 
2 ,3 -D iam in o -5 ,6 -d im e th y lp y ra z in e  (0-5 g., 1 m ol.) in  e th a n o l (10 m l.), a n d  g lyoxa l m o n o ­
h y d ra te  (0-32 g., 1-15 equ iv .) w ere re fluxed  fo r 1 h r., f ilte red , an d  cooled. 2 ,3 -D im ethy l-1 ,4 ,5 ,8 - 
te tr a -a z a n a p h th a le n e  (0-35 g., 60% ) se p a ra te d  as yellow  need les an d , a f te r  su b lim a tio n  a t  130—  
140°/0-02 m m . a n d  re c ry s ta llisa tio n  from  e th a n o l h a d  m . p. 215— 216° (lit.,i® 216°) (F o u n d : 
0 , 60-0; H , 5-0; N , 34-9. Oalc. fo r OgHgN,: 0 , 60-0; H , 5-0; N , 35-0% ).
2 ,3 ,Q -T rim ethyl-1,4 ,5 ,% -tetra-azanaphthalene.— 2 ,3-D iam in o -5 ,6 -d im e th y lp y ra z in e  (0-5 g ., 1 
m ol.) in  e th a n o l (10 m l.) an d  25%  aq u eo u s  m e th y lg ly o x a l (1-25 m l., 1-2 equ iv .) w ere se t as ide  
a t  ro o m  te m p e ra tu re  fo r 4 days . T h e  d a rk  so lu tio n  w as ev a p o ra te d , a n d  th e  res id u e  w as 
d isso lved  in  benzene , bo iled  w ith  charcoal, f ilte red , a n d  ev a p o ra te d . T h e  benzene so lu tio n  w as 
p assed  th ro u g h  an  a lu m in a  co lum n  ( 6 x 4  in. ; B .D .H .) w h ich  w as e lu ted  w ith  benzene . T h e  
yellow  e lu a te s  w ere e v a p o ra te d  ; th e  residue , su b lim ed  a t  120— 130°/0-3 m m . a n d  rec ry s ta llised  
from  b e n z e n e -l ig h t p e tro le u m  (b. p . 40— 60°), g av e  2 ,^,Q-triyyiethyl-\,4:,b,^-tetra-azanaphthalene 
(0-29 g., 46% ), m . p . 152— 153° (F o u n d : O, 62-15; H , 5-75; N , 32-1. OgHigN^ req u ires  0 , 
62-05; H , 5-8; N , 32-2% ).
2,^,b ,l-T etram ethyl-l,4 :,b ,^-te tra-azanaphthaleyie .— T h e follow ing is a  m od ifica tion  of an  
e a rlie r  p r e p a r a t i o n . 2 ,3 -D iam in o -5 ,6 -d im e th y lp y ra z in e  (0-5 g.) an d  d ia c e ty l (0-5 m l.) in  
w a te r  (40 m l.) w ere refluxed  fo r 25 m in . N o solid  se p a ra te d  on  cooling, so bo iling  w as co n ­
tin u e d  fo r 30 m in . a n d  th e  so lu tio n  e v a p o ra te d . T h e  re s id u e  in  b en zen e  gave  th e  te tr a m e th y l  
co m p o u n d  (0-36 g., 53% ) on  a d d itio n  of l ig h t p e tro le u m  (b. p . 40— 60°); a f te r  su b lim a tio n  a t  
130— 140°/0-3 m m . a n d  re c ry s ta llisa tio n  from  b e n z e n e -l ig h t p e tro le u m  (b. p . 40— 60°), th is  
h a d  m . p . 254— 256° (darken ing) [lit.,^® 260— 261° (decom p.)] (F o u n d : C, 64-0; H , 6-3; N , 29-9. 
Calc, fo r C joH jaN ,: C, 63-8; H , 6-4; N , 29-8% ).
2,^-D ihydroxy-l,4:,b ,S-tetra-azanaphthalene.— 2 ,3 -D iam in o p y raz in e  (0-25 g.) a n d  e th y l o x a la te  
(5 m l.) w ere refluxed  fo r 3 h r. (reac tion  w as in co m p le te  in  10 m in  ), th e n  cooled, a n d  th e  c ry s ta ls  
w ere co llected , su sp en d ed  in  0-5 x -h y d ro ch lo ric  ac id  (60 m l.), an d  filte red  off. A fte r  3 h o u rs ’ 
h e a tin g  a t  230° a n d  re c ry s ta llisa tio n  from  d im e th y lfo rm am id e , 2,3-dihydroxy-l,4:,b ,S-tetra- 
azanaphthalene  (0-2 g., 54% ) h a d  m . p . > 3 6 0 °  (F o u n d : C, 44-2; H , 2-5; N , 34-0. CgH^N^Og 
re q u ire s  C, 43-9; H , 2-5; N , 34-1% ), 1720vs, 1680vs, 1580m, 1485m, 1445m s, 1425w,
1385s, 1330w, 1275m , 1200s, 960w, 885m w , 742m , a n d  659m  c m .'i  (K B r disc).
O xidation  o f \,4:,b,% -Tetra-azanaphthalene.— 1 ,4 ,5 ,8 -T e tra -a za n ap h th a le n e  (27-4 m g.) in  
N -su lphuric  ac id  (0-5 m l.) a n d  30%  h y d ro g en  p ero x id e  (0-024 m l., 1 equ iv .) w ere k e p t  a t  20° 
fo r 3 d ay s . T h e  lig h t b ro w n  solid , m . p . > 3 6 0 ° , t h a t  s e p a ra te d  w as co llec ted  (9-6 m g., 28% ),
w ash ed  w ith  w a te r , a n d  d ried  in  a ir. A s im ila r e x p e r im e n t w ith  2 equ iv . of h y d ro g en  p ero x id e  
g av e  th e  sam e su b s ta n c e  (13 m g., 32% ) (F o u n d : C, 42 6 ; H , 2 4; N , 33 3. CgH4N^0 2 , J H 2 0
req u ire s  C, 42 7; H , 2-7; N , 33-2% ).
2 -H y d ro x y - \,4:,b ,^-tetra-azanaphthalene.— 2 ,3 -D iam in o p y raz in e  (125 m g.) in  N -su lphuric  ac id  
(1-2 m l.) a n d  e th y l g ly o x y la te  e th y l h em ia c e ta l (0-22 g., 1-3 m l.) w ere  w arm e d  to  d isso lve th e  
d ia m in e  su lp h a te  a n d  se t as ide  a t  20° fo r 4 d ay s . S od ium  c i tr a te  (0-12 g.) a n d  w a te r  (10 m l.) 
w ere ad d ed , a n d  th e  red  so lid  w as w ash ed  w ith  bo iling  w a te r  a n d  a lcoho l a n d  co llec ted  (142 m g., 
75% ). I t  decom posed  ab o v e  200° (F o u n d : C, 43-7; H , 3-8; N , 33-9. CgH^N^^O.H^O req u ires  
C, 43-4; H , 3-6; N , 33-7% ), h a d  1700s, 1492ms, 1465s, 1375m, 1285m w, 1220m, 1203s, 
l l lO w , 1070w, 840w cm ."i (K B r disc), a n d  w as in so lub le  in  m o s t so lv en ts . A fte r  1^ h o u rs ’ 
h e a tin g  a t  180° th e  in fra re d  sp e c tru m  w as u n a lte re d  e x c e p t fo r th e  2500— 3300 cm.~^ reg ion . 
W dien 20 m g. of th e  h y d ra te  w ere  su sp e n d ed  in  2N -su lphuric ac id  (0-4 m l.) a n d  t r e a te d  w ith  
30%  h y d ro g en  p ero x id e  (0-048 m l., 2 equ iv .) th e  solid  t h a t  w as co llec ted  a f te r  2 d ay s  a t  20° 
(9-5 m g., 49% ) h a d  a n  in fra re d  sp e c tru m  id e n tic a l w ith  t h a t  of 2 ,3 -d ih y d ro x y -1 ,4 ,5 ,8 -te tra -  
a z a n a p h th a le n e  .
A n h y d ro u s  d ich lo ro ace tic  ac id  fo r th e  spec tro scop ic  w ork  w as p re p a re d  b y  f ra c tio n a tin g  
B .D .H . la b o ra to ry  re a g e n t ac id  a t  720 m m . th ro u g h  a  he lix -p ack ed , v a c u u m -ja c k e te d , co lum n  
(30 X 4 in .), red is tillin g  i t ,  a n d  cooling  i t  a t  2° u n til  ca. 70%  cry s ta llised . T h e  liq u id  w as 
d ec an ted , th e  so lid  liquefied , a n d  th e  c ry s ta llisa tio n  rep e a te d . T h e  c ry s ta llin e  p ro d u c t w as 
s to re d  in  a  d es icc a to r  o v er ca lc ium  ch lo ride.
P h ysica l P roperties.— T h e ra p id  re a c tio n s  w ere ca rrie d  o u t as d escrib ed  ® b u t  w ith  a  S him - 
ad zu  m odel R S  27 reco rd in g  sp e c tro p h o to m e te r, a n d  th e  r a te  of ch an g e  of o p tic a l d e n s ity  a t  
a  fixed  w av e le n g th  w as m e asu red  d irec tly . T h e  u ltra v io le t s p e c tra  w ere m e asu red  on  a  P e rk in -  
E lm e r  “ S p ec tra co rd  ” m odel 4000A, a n d  th e  m a x im a  checked  w ith  a  H ilg e r  U v isp ek  m a rk  V  
m a n u a l, in s tru m e n t;  in fra re d  sp e c tra  w ere ta k e n  w ith  a  P e rk in -E lm e r  21 d o u b le -b eam  sp e c tro ­
p h o to m e te r. Io n isa tio n  c o n s ta n ts  w ere  d e te rm in e d  sp e c tro p h o to m e tr ic a lly  b y  th e  m e th o d  
u sed  in  th is  Department.®®
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974. Quiriazolines. Part V.  ^ Covalent Hydration in Quinazoline 
^-Oxides.
B y  W . L . F . A r m a r e g o .
Q u inazo line  3-oxide, b u t  n o t  4 -m eth y lq u in az o lin e  3-oxide, fo rm s a  
c o v a le n tly  h y d ra te d  c a tio n  in  w ea k ly  acid ic , a n d  a n  a n h y d ro u s  c a tio n  in  
s tro n g ly  acid ic , so lu tio n . T h e  reso n an ce -s tab ilised  s tru c tu re  (V) fo r th e  
h y d ra te d  c a tio n  is p o s tu la te d . C o v a len t h y d ra tio n  is d e m o n s tra te d  in  five 
of n in e  new  s u b s t i tu te d  q u in azo lin e  3-oxides s tu d ied . Io n isa tio n  c o n s ta n ts  
a n d  u ltra v io le t a n d  in fra re d  sp e c tra  of e leven  q u in azo lin e  3 -ox ides h a v e  
been  m easu red .
C o v a l e n t  h y d r a t io n  in  a q u e o u s  s o lu t io n  in  th e  c a t io n  o f  q u in a z o lin e  w a s  d e m o n s tr a te d   ^
b y  (i) a  la r g e  h y p s o c h r o m ic  s h if t  (45  m^t), d u e  to  lo s s  o f c o n ju g a t io n , o f  th e  lo n g - w a v e ­
le n g th  b a n d  in  th e  u lt r a v io le t  s p e c tr u m  o n  p r o to n a t io n , (ii) th e  r a th e r  h ig h  b a s ic  s t r e n g th  
(piCa 3  5 1 ) , (iii) th e  fo r m a tio n  o f  th e  u n s ta b le  h y d r a te d  n e u tr a l sp e c ie s   ^ o n  im m e d ia t e  
( < 1  se c o n d ) n e u tr a lis a t io n  o f  th e  h y d r a te d  c a t io n , a n d  (iv ) th e  c h a n g e  o f  u lt r a v io le t  
s p e c tr u m  w ith  in c r e a s in g  a c id ity , o w in g  to  d e h y d r a t io n  to  th e  a n h y d r o u s  c a t io n , a n  e ffe c t  
c a u s e d  b y  th e  d e c r e a s in g  a c t iv i t y  o f  w a te r , so  t h a t  f in a lly  (a t H q — 4-4) a  s p e c tr u m  c lo s e ly
4 - 0
C7>
•o
2 20 3 0 0 3 8 0
2 7
1-0
Q .
0 -5
2 5 0 3 0 0
W a v e l e n g t h  (npj)
F ig . 1. (A) N e u tra l m olecu le (pH  7-0) an d  (B) c a tio n  of
q u in azo lin e  3-oxide {H q — 1T 2); (C) ca tio n  of 4-
m e th y lq u in a zo lin e  3-oxide {H q —2 06).
Wavelength (mjj)
F ig . 2. E ffe c t of ac id ity  
(H 2SO 4) o n  th e  sp e c tru m  
of q u in azo lin e  3-oxide.
(A) H o - 1 - 1 2 ;  (B) Ho - 2  06; 
(C) H q - 4  40; (D) H q
— 5-65.
s im ila r  t o  th a t  o f  th e  a n h y d r o u s  n e u tr a l m o le c u le  is  o b ta in e d . A d d it io n  o f  w a te r   ^ t a k e s  
p la c e  b y  a d d it io n  o f  h y d r o x y l  a t  p o s i t io n  4  (as sh o w n  b y  o x id a t io n  t o  4 -h y d r o x y q u in a z o lin e  
in  d i lu te  a c id ) w ith  fo r m a tio n  o f  a  h y d r a te d  c a t io n  t h a t  is  s t a b il i s e d  b y  a n  a m id in iu m  t y p e  
o f  r e so n a n c e  (I ). T h e  s tr u c tu r e  (I) fo r  th is  c a t io n  h a s  b e e n  c o n c lu s iv e ly  p ro v ed .^  
C o v a le n t  h y d r a t io n  c a n  b e  h in d e r e d  to  a  la r g e  e x t e n t  b y  p la c in g  a  m e t h y l  s u b s t i t u e n t  
a t  p o s i t io n  4 ;   ^ so  4 -m e th y lq u in a z o lin e  is  a  w e a k e r  b a se  (p / ia  2 -5 2 ) th a n  q u in a z o l in e  a n d  
t h e  u lt r a v io le t  s p e c tr u m  o f  th e  c a t io n  is  s im ila r  to  t h a t  o f  th e  a n h y d r o u s  n e u tr a l m o le c u le .
I t  h a s  n o w  b e e n  sh o w n  th a t  q u in a z o lin e  3 -o x id e  u n d e r g o e s  c h a n g e s  a n a lo g o u s  to  th o s e  o f  
q u in a z o lin e  o n  p r o to n a t io n . T h e  n e u tr a l m o le c u le  o f  th is  o x id e  in  w a te r  is  a n h y d r o u s
b e c a u se  th e  u lt r a v io le t  s p e c tr a  in  w a te r  a n d  h e p ta n e   ^ a re  c lo s e ly  s im ila r , w h e r e a s  th e
s p e c tr u m  o f  th e  c a t io n  in  a q u e o u s  a c id  r e v e a ls  a  la r g e  h y p s o c h r o m ic  s h i f t  ( 6 6  mjj.) o f  th e
lo n g -w a v e le n g th  b a n d  (3 3 6  mfi.) p r e se n t  in  th e  n e u tr a l m o le c u le  (see  F ig . I ) . T h e  b a s ic  
s t r e n g th  o f  q u in a z o lin e  3 -o x id e  (pH ^ 1-47) is  im p r o b a b ly  h ig h  w h e n  c o m p a r e d  w ith  t h a t  
o f  is o q u in o lin e  2 -o x id e  (p /C i I -01). T h e  e x is te n c e  o f  a  h y d r a te d  n e u tr a l m o le c u le  o f  
q u in a z o lin e  3 -o x id e  c o u ld  n o t  b e  d e m o n s tr a te d  b y  r a p id ly  n e u tr a lis in g  a  s o lu t io n  o f  
th e  h y d r a te d  c a t io n  b e c a u se  th e  la rg e  h e a t  e v o lu t io n  a n d  th e  fo n n a t io n  o f  a  c o n s id e r a b le  
a m o u n t  o f  in o r g a n ic  s a l t s  le d  to  e q u iv o c a l  r e su lts , a n  e ffe c t  d u e  to  t h e  lo w  p H  a t  w h ic h  
s u c h  a  v e r y  w e a k  b a se  b e c o m e s  p r o to n a te d . H o w e v e r , a s  for  th e  h y d r a te d  q u in a z o lin e  
c a t io n , th e  u lt r a v io le t  s p e c tr u m  o f  q u in a z o lin e  3 -o x id e  c a t io n  c h a n g e s  w h e n  t h e  a c id i t y  
is  in c r e a se d , o w in g  to  d e h y d r a t io n , a n d  b e c o m e s  m o re  s im ila r  to  t h a t  o f  th e  a n h y d r o u s
H OH o
(II) (III)
n e u tr a l m o le c u le  a t  H q — 5-6 5  (see  F ig . 2 ). T h is  d e h y d r a t in g  e ffe c t  is  n o t  a  sp e c ia l  
p r o p e r ty  o f  su lp h u r ic  a c id  b e c a u se  a t  s im ila r  H q v a lu e s  h y d r o c h lo r ic  a c id  p r o d u c e s  th e  
s a m e  c h a n g e .
Q u in a z o lin e  3 -o x id e  w ith  h y d r o g e n  p e r o x id e  in  a c e t ic  a c id  a t  6 0 °  w a s  r e p o r te d   ^ to  
g iv e  4 -h y d r o x y q u in a z o lin e  3 -o x id e  w h o se  s tr u c tu r e  w a s  c o n fir m e d  b y  r e d u c t io n  to  
4 -h y d r o x y q u in a z o lin e . T h is  o x id a t io n  h a s  n o w  b e e n  r e p e a te d  w ith  o n e  e q u iv a le n t  o f  
h y d r o g e n  p e r o x id e  in  2 -5M -su lp h u ric  a c id  (to  e n su r e  c o m p le te  fo r m a tio n  o f  th e  h y d r a te d  
c a t io n )  : th e  o x id e  c r y s ta ll is e d  d u r in g  2 4  hr. a t  2 0 ° in  5 3 %  y ie ld . T h e  in fr a r e d
s p e c tr u m  sh o w s  ® a  s tr o n g  c a r b o n y l s t r e tc h in g  b a n d  a t  1 6 9 0  cm."^; th u s  th e  s t r u c tu r e  
o f  th e  h y d r o x y -c o m p o u n d  is  (I I )  or ( I I I ) ,  b u t  n o t  (IV ). S tr u c tu r e  (I I )  is  th e  m o r e  
p r o b a b le  b e c a u s e  th e  fo r m a l n e g a t iv e  c h a r g e  o n  th e  o x y g e n  a to m  w o u ld  p r o v id e  a  b e t t e r  
s i t e  for  th e  m o b ile  h y d r o g e n  a to m . B y  a n a lo g y  w ith  q u in a z o lin e , th e r e fo r e , th e  r e so n a n c e -  
s ta b il is e d  s tr u c tu r e  (V ) c a n  b e  w r it t e n  for  th e  h y d r a te d  c a t io n  o f  q u in a z o lin e  3 -o x id e .
N - o
N — OH N - O H
NH(V)
A s  in  q u in a z o lin e  a  4 -m e th y l  g r o u p  is  b a se -w e a k e n in g  a n d  h in d e r s  h y d r a t io n  in  th e  
c a t io n  o f  q u in a z o lin e  3 -o x id e  (see  T a b le  1 ). T h e  c lo s e  s im ila r it y  o f  th e  u lt r a v io le t  s p e c tr a  
o f  t h e  n e u tr a l m o le c u le  in  w a te r  a n d  in  h e p ta n e   ^ e x c lu d e s  h y d r a t io n  in  th is  sp e c ie s , a n d  
th e s e  sp e c tr a  a re  a lso  c lo s e ly  s im ila r  to  th a t  o f  4 -m e th y lq u in a z o lin e  3 -o x id e  c a t io n  in  a q u e o u s  
s o lu t io n  b u t  n o t  to  th a t  o f  q u in a z o lin e  3 -o x id e  c a t io n  (see  F ig . 1). F u r th e r , t h e  c a t io n  
s p e c tr u m  o f  4 -m e th y lq u in a z o lin e  3 -o x id e  d o e s  n o t  a lte r  w h e n  t h e  a c id i ty  is  in c r e a s e d  to  
H q - 4 - 4 .
T h is  s t u d y  w a s  e x te n d e d  to  d e r iv a t iv e s  in  ord er  to  s e e  h o w  s u b s t i t u e n t s  in  th e  b e n z e n e  
r in g  a ffe c te d  c o v a le n t  h y d r a t io n  in  t h e  c a t io n s , w ith  r e fe r e n c e  t o  th e  p a tte r n  p r e v io u s ly  
o b s e r v e d  in  B z - s u b s t it u te d  q u in a zo lin e s .^  N in e  n e w  s u b s t i t u te d  q u in a z o lin e  3 -o x id e s  
h a v e  b e e n  s y n t h e s is e d  a n d  so m e  o f  th e ir  p h y s ic a l p r o p e r t ie s  are  sh o w n  in  T a b le  1 .
Ultraviolet Spectra 'of Substituted Quinazoline ^-Oxides.— T h e  n e u tr a l m o le c u le s  o f  a ll 
th e  s u b s t i t u te d  q u in a z o lin e  3 -o x id e s  l i s te d  in  T a b le  1 h a v e  p r o p e r tie s  s im ila r  in  g e n e r a l  
to  th o s e  o f  th e  p a r e n t  s u b s ta n c e  a n d  are  p r e d o m in a n t ly  a n h y d r o u s  in  a q u e o u s  s o lu t io n .  
T h e  c a t io n s  o f  7 -c h lo r o -  a n d  7 -m e th y l-q u in a z o lin e  3 -o x id e  are  se e n  to  b e  c o v a le n t ly  h y d r a te d  
b e c a u se  th e  lo n g -w a v e le n g th  b a n d s  for  th e  n e u tr a l m o le c u le  w ere  s h if te d  b y  8 6  a n d  7 4  mpi, 
r e s p e c t iv e ly , to  sh o r te r  w a v e le n g th . T h e  c a t io n s  o f  4 -m e th y l-  a n d  4 ,7 -d im e th y l -
q u in a z o lin e  3 -o x ic le s  s h o w  h y p s o c h r o m ic  s h if t s  o f  18 a n d  2 8  m;ji, r e s p e c t iv e ly , b u t  th e s e  
c a t io n s  are a n h y d r o u s  a s  th e ir  sp e c tr a  are  o n ly  s l ig h t ly  a lte r e d  w h e n  th e  a c id i t y  o f  th e  
s o lu t io n  is  in c r e a s e d  to  H q — 4  4 . 7 -M e th o x y -  a n d  4 -m e th y l- 7 -m e th o x y - q u in a z o l in e
3 -o x id e  c a t io n s  are  a lso  a n h y d r o u s  s in c e  th e  sp e c tr a  m e a s u r e d  a t  2  p H  u n it s  b e lo w  th e ir  p/Ca
T a b l e  1.
P h y s ic a l p ro p e r tie s  of q u in azo lin e  3-oxides.
Ionisation (lIoO, 20°) Spectroscopy in w ater ||
. ........ ......
pH  or
Subst. p fT , m/i § Species 'Tf ^max, (iB/i) loge H q **
(Parent) 1-47 ±  0 05 344 NM 214 -t- 230; 259; 300; 
336 +  344
4-21 4 - 4 1 5 ; 4-27; 3-75; 
3-61 4- 3-60
7-0
HC 207; 244 4- 270 4-15; 3-74 4- 3 92 - 1-1
AC 243; 300; 324 4-44; 3 45; 3 33 -5 -6 5
4-Mc 0 00 ±  0 05 250 NM 217 +  232; 255; 297 -f 
310; 330 +  343
4-27 4- 4-35; 4-39; 3-79 4 - 
3-ZO; J - H  4- J -44
7-0
AC 240; 288; 325 4-60; 3 53; 3 39 — 2-06
AC 241; 290; 327 4-55; 3 52; 3-44 — 4-4
7-Me 1 00 ±  0 05 * 355 NM 217; 237; 261; 301; 
347
4-30; 4-24; 4-43; 3-76; 
3-69
7-0
HC 215 4- 223 4- 231; 249; 
273
4-22 4- 4-13 4- 3-95; 4-05; 
3-87
-1 -0 5
4,7-M62 0 40 ±  0 02 t 340 NM 220 +  238; 256; 287 +  
298; 335
4-28 4- 4-41; 4-42; 3-76 +  
3-81; 3 60
7-0
AC 245; 307 +  326 4-60; 3-69 4- 3 52 - 1 - 4
AC 248; 314 4-53; 3-67 — 4-4
7-Cl 1-49 ±  0 04 t 355 NM 219 4 - 242 4- 259; 
300 +  315; 357
4-29 +  4-29 4- 4 29; 
3-89 4- 3-72; 3-66
6 - 0
HC 220 4- 224; 253 +  271 f f 4-34 +  4-32; 3-82 +  3-90 - 1 - 6
5-MeO 1 - 2 0  ±  0  0 2 345 NM 213 4- 232; 277; 346 4-20 +  4-06; 4-51; 3-66 7-0
A +  HC 210 4 - 220 4- 234; 4-09 4- 4-04 4- 3-79; -0 -8 4
263 4- 294; 378 3-98 4- 3-74; 2-65
DC 209; 267 +  280; 
357 4- 417
4 31; 4 33 4- 4-22 ; 
3-05 4- 3 30
- 5 6 5
O-MeO 0 58 ±  0 05 t 284 NM 218; 234; 262; 313; 4-09; 4-15; 4-60; 3 63; 7-0
361 3 59
H  +  AC 209; 256; 285; 363 4-15; 4-25; 3-89; 2-99 -1 -3 8
AC 209; 255; 286; 365 4-17; 4-42; 3-81; 3 14 - 4 - 9
7-McO 0 00 ±  0 04 t 380 NM 223; 249 +  263; 300; 4-30; 4-31 +  4 35; 3-97; 5-0
360 3-88
AC 216; 238; 260; 335 4-23; 4-20; 4-38; 3-90 - 2 - 0
DC 215; 275; 343 4- 372 4-29; 4-35; 3-75 +  3-84 -5 -6 5
4-Me-7-MeO 0 74 ±  0-03 t 330 NM 220 -h 251; 296 -h 307; 4-22 4- 4-49; 3-95 4- 3-81; 5 0
351 3 75
AC 207; 239 4- 256; 328 4-30; 4-28 4- 4-43; 3-91 -1 -8 5
DC 217; 242 4- 274; 
335 4- 376
4-31; 4-22 4- 4-41; 
3-69 4- 3-86
-5 -6 5
8 -MeO 1 - 2 1  ±  0  0 2 280 NM 213; 236; 279; 331 4-36; 4-06; 4-54; 3 57 7-0
HC 230; 266; 302 3-86; 3-89; 3 57 - 0 8 7
AC 266; 344; 381 4-48; 3-17; 3-19 — 5 65
4-Mc-8-MeO 0-02 4- 0-05 f 270 NM 216; 236; 275; 321 4-30; 4-23; 4-50; 3 58 7 0
AC 261 ; 300 4- 339 +  360 4-52; 3-11 4- 3-33 4- 3 35 -2 -2 8
, AC 264 4- 281; 342 4- 361 4 43 4- 3-81; 3-28 4- 3-29 - 4 - 9
4 -H O ............ NM 220; 255; 310 4- 322 4-50; 4 1 8 ; 3-81 4r 3-72 7-0
Isoquinoline 1 - 0 1  s NM 218; 250; 287 -f- 294 + 4-37; 4-55; 3-93 +  3-97 + 7 0
N-oxide 305; 337 3-81; 2-88
AC 212; 234; 272 4- 281 + 4-37; 4-71; 3-46 4- 3 52 4- - 1 - 1 2
* Readings were taken  3 hr. after mixing, f Optical density of the cation was obtained by 
extrapolation. J Readings were taken 5 min. after mixing. S Jaffe and Doak, J. Amer. Chem. 
Soc., 1955, 77, 4441. § Analytical wavelength. || Inflexions are in italics. ^  NM =  neutra l
molecule; HC =  hydrated  cation ; AC =  anhydrous cation; A +  HC =  m ixture of anhydrous and 
hydrated  cations ; DC =  containing a high proportion of anhydrous dication. ** Aqueous sulphuric 
acid was used for acid solutions, f t  15 min. after mixing.
v a lu e s  a n d  a t  H q — 4 -1 4  are  c lo s e ly  s im ila r ;  a t  H q — 5 6 5 , h o w e v e r , b o th  s u b s ta n c e s  
a b so r b e d  a t  lo n g e r  w a v e le n g th s  (see  T a b le  1). T h is  is  p o s s ib ly  d u e  to  fo r m a t io n  o f  th e  
d ic a t io n , a s  w a s  o b s e r v e d  fo r  q u in a z o lin e  a n d  i t s  4 -m e th y l  d e r iv a t iv e .^  T h e s e  c o m p o u n d s  
d o  n o t  d e c o m p o s e  o n  s to r a g e  for  J  hr. a t  2 5 °  in  su lp h u r ic  a c id  ( H q  — 5 -6 5 ), t h e  s in g le  s p o t s
o b t a in e d  o n  p a p e r  c h r o m a t o g r a p h y , a f t e r  fo u r - fo ld  d i lu t io n  w i t h  w a te r ,  b e in g  id e n t ic a l  
w it h  t h o s e  o f  t h e  s t a r t in g  m a t e r ia l .
T h e  c a t io n  o f  5 -m e t h o x y q u in a z o l in e  3 - o x id e  a t  H q — 0 -8 4  is  a  m ix t u r e  o f  a n h y d r o u s  
a n d  h y d r a t e d  s p e c ie s ;  t h i s  is  s h o w n  b y  t h e  f a c t  t h a t  t h e  i n t e n s i t y  o f  t h e  lo n g - w a v e le n g t h  
b a n d  a t  3 7 8  mp. is  lo w  [z 4 4 3 )  a n d  r is e s  w h e n  t h e  a c id i t y  is  in c r e a s e d  t o  H q — 4 -1 4 . T h e  
s p e c t r u m  a t  H q — 5 -6 5  is  t h a t  o f  a  m ix t u r e  c o n t a in in g  a  h ig h  p r o p o r t io n  o f  d ic a t io n  a n d  
is  n o t  t h a t  o f  a  d e c o m p o s it io n  p r o d u c t , a s  w a s  s h o w n  b y  r e g e n e r a t io n  o f  t h e  s t a r t in g  m a t e r ia l  
o n  d i lu t io n .  S im ila r ly ,  6 -m e t h o x y q u in a z o l in e  3 - o x id e  c a t io n  is  a  m ix t u r e  o f  a n h y d r o u s  
a n d  h y d r a t e d  s p e c ie s  b u t  c o n ta in s  m o r e  o f  t h e  a n h y d r o u s  s p e c ie s  t h a n  t h e  5 - i s o m e r  d o e s ,  
a s  e s t im a t e d  b y  t h e  r e la t iv e  in t e n s i t ie s  o f  t h e  lo n g - w a v e le n g t h  b a n d s . A t  lo w  a c id i t y ,  
8 -m e t h o x y q u in a z o l in e  3 - o x id e  c a t io n  is  p r e d o m in a n t ly  h y d r a t e d ,  a l t h o u g h  t h e  h y p s o ­
c h r o m ic  s h i f t  i s  o n ly  2 9  m p , a n d  t h i s  c a t io n  is  a  m ix t u r e  o f  h y d r a t e d  a n d  a n h y d r o u s  s p e c ie s  
a t  H q — 4 -1 4 — it s  s p e c t r u m  is  in t e r m e d ia t e  b e t w e e n  t h o s e  m e a s u r e d  a t  H q — 0 -8 7  a n d  a t  
H q — 5  6 5 . A  s im ila r  e x a m in a t io n  o f  t h e  c a t io n  s p e c t r a  o f  8 - m e t h o x y - 4 - m e t h y lq u in a z o l in e
3 - o x id e  s h o w e d  t h a t  t h e  c a t io n  is  p r e d o m in a n t ly  a n h y d r o u s  a t  lo w  a n d  h ig h  a c id i t y .
T a b l e  2.
In fra red  sp e c tr a  (K B r  d isc ) n ea r  th e  r eg io n  1200— 1300 cin."^.*
Q uinazoline ............................................................................. 1 2 I 0 mw, 1235vw, 1270\v, 1308s
Q uinazoline 3-oxide ...............................................................  1198s, 1240vw, 1260\v, 1283m, 1335s
4-M ethylquinazoline ...............................................................  1255w, 1273w
4-M ethylquinazoline 3-oxide ............................................. 1225vs, 1285s
7-M ethy lqu inazo line ...............................................................  1205mw
7-M ethylquinazoline 3-oxide ............................................. 1180s, 1260\v, 1280ms
5-M ethoxyquinazoline ..........................................................  1218w, 1280s
5-M ethoxyquinazoline 3-oxide ........................................  1218ms, 1256vs, 1285s
6 -M ethoxyquinazoline ..........................................................  1225vs, 1245ms, 1275m\v
6 -M ethoxyquinazoline 3-oxide ........................................  1227ms, 1242ms, 1258s, 1278w
7-M ethoxyquinazoline ..........................................................  1222vs, 1275m
7-M ethoxyquinazoline 3-oxide ........................................  1222s, 1260w, 1288m\v
8 -M ethoxyquinazoline ..........................................................  1196m, 1219v\v, 1270ms
8 -M ethoxyquinazoline 3-oxide ........................................  llOOvs, 1251ms, 1285ms
4-M ethoxyquinazoline ..........................................................  1 2 0 0 m, 1305m
4-M ethoxyquinazoline 1 -oxide ........................................  1222ms, 1260m, 1315s
4,7-D im ethylquinazoIine 3-oxide ...................................  1214vs, 1220s, 1238\v, 1250\v, 1283s
7-M ethoxy-4-m ethylquinazoline 3-oxide ...................... 1 2 0 0 s, 1218vs, 1265s
8-M ethoxy-4-m ethylquinazoline 3-oxide ...................... 1197s, 1240vs, 1273s
* The b and  in ten s ity  ra tin g s are re la tive  w ith in  th e  spectrum  and  do n o t perm it com parisons 
betw een bands in d ifferent spectra. The bands p robab ly  a ttr ib u ta b le  to  th e  A^-oxide frequency arc 
in  ita lic  type.
T h e  c a t io n s  o f  4 - m e t h y l - ,  7 -c h lo r o - ,  a n d  5 -  a n d  8 -m e t h o x y - q u in a z o l in e  3 - o x id e ,  th e r e fo r e ,  
a r e  h y d r a t e d  t o  t h e  s a m e  e x t e n t  a s  t h e  c o r r e s p o n d in g  q u in a z o l in e s ,  w h e r e a s  7 - m e t h y l -  
a n d  6 - m e t h o x y - q u in a z o l in e  3 - o x id e  a re , r e s p e c t iv e ly ,  m o r e  a n d  le s s  h y d r a t e d .  A  4 - m e t h y l  
g r o u p  a ls o  in h ib i t s  h y d r a t io n  o f  t h e  c a t io n s  o f  s u b s t i t u t e d  iV -o x id e s . T h u s  t h e  g e n e r a l  
p a t t e r n  o f  s u b s t i t u e n t  e f f e c t  o n  h y d r a t io n  in  th e  A ^ -ox id es r e s e m b le s  t h a t  in  t h e  q u in a z o l in e  
se r ie s  a l t h o u g h  t h e  r a th e r  h ig h  a c id i t i e s  (b e c a u s e  o f  t h e  lo w  p /v^  v a lu e s )  n e c e s s a r y  t o  
p r o t o n a t e  aU t h e  A'’- o x id e  m o le c u le s  h a v e  a  d e h y d r a t in g  e f f e c t .
Ionisation Constants.— T h e  p K ^  v a lu e s  in  T a b le  1  a re  a ll  e q u il ib r iu m  v a lu e s  a n d  in d ic a t e  
t h a t  t h e  3 - o x id e s  a r e  w e a k e r  b a s e s  t h a n  t h e  c o r r e s p o n d in g  q u in a z o l in e s  (c f . r e f . 1) b y
2 — 3  p K a  u n it s .  T h e  a v e r a g e  t im e  fo r  e q u il ib r a t io n  v a r ie d  fr o m  5  m in . t o  3  h r . A lt h o u g h  
i t  w a s  s h o w n  t h a t  e q u il ib r iu m  p K ^  v a lu e s  c a n n o t  b e  u s e d  fo r  a c c u r a t e  c o m p a r a t iv e  
p urposes,'^  t h e  v a lu e s  in  T a b le  I c o n fo r m  t o  t h e  g e n e r a l  h y p o t h e s is  t h a t  c o v a le n t  h y d r a t io n  
is  a c c o m p a n ie d  b y  a n  in c r e a s e  in  b a s ic  s t r e n g th .
Infrared Spectra.— T h e  N - o x id e  g r o u p  a b s o r b s  in  t h e  1 2 0 0 — 1 3 0 0  cm."^ reg ion .®  T h e  
b a n d s  o f  s o m e  q u in a z o l in e  3 - o x id e s  w h ic h  a p p e a r  in  t h i s  r e g io n  a re  g iv e n  in  T a b le  2 , w h e r e  
d a t a  fo r  t h e  c o r r e s p o n d in g  a v a i la b le  q u in a z o l in e s  a re  in c lu d e d  fo r  c o m p a r is o n . I t  is  
s e e n  t h a t  in  t h i s  s e r ie s  t h e  N - o x id e  g r o u p  a b s o r b s  a ls o  in  t h i s  r e g io n  b u t  t h a t  t h e  b a n d s  a re  
n o t  a lw a y s  s t r o n g .
Synthesis .— A ll  t h e  q u in a z o l in e  3 - o x id e s  w e r e  p r e p a r e d  b y  t h e  u n e q u iv o c a l  m e t h o d
f ir s t  d e s c r ib e d  b y  A d a c l i i   ^ fo r  t h e  p r e p a r a t io n  o f  t h e  p a r e n t  s u b s t a n c e ,  i n v o l v i n g  
c y c l i s a t io n  o f  o x im e s  o f  o -a m in o a r y l  c a r b o n y l  c o m p o u n d s  w i t h  b o i l in g  t r i e t h y l  o r t h o -  
fo r m a t e  ( V I — ► V I I ) .  d 'lie  t im e  fo r  c o m p le t e  r e a c t io n  v a r ie d  fr o m  1 h r . w h e n  R  =  
R ' =  H  t o  8  h r . w h e n  R  =  I I ,  R ' =  M e. T h is  s y n t h e s i s  w a s  u n s a t i s f a c t o r y  w h e n  t h e  
o x im e  m e l t e d  b e lo w  1 3 0 °  w i t h  d e c o m p o s i t io n  [i.e., b e lo w  t h e  b o i l in g  p o in t  o f  t r i e t h y l  
o r th o f o r m a t e )  ; a l t h o u g h  t h e  o x id e  (V I I  ; R  =  H ,  R ' =  7 -C l) c o u ld  b e  o b t a in e d  in  t h i s  w a y  
i t  w a s  a lw a y s  c o n t a m in a t e d  w i t h  h ig h ly  in s o lu b le  m a t e r ia l ,  a n d  t h e  o x im e  ( V I ;  R  =  M e, 
R ' =  4 -C l) w h ic h  d e c o m p o s e s  a t  9 8 — 9 9 °  g a v e  o n ly  a  t a r  e v e n  w h e n  t h e  r e a c t io n  w a s  c a r r ie d  
o u t  a t  1 0 0 °.
^  CR ^  A  n
(VI) (VII)
T h e  s t a r t in g  m a t e r ia l s  w e r e  t h e  s u b s t i t u t e d  o - n i t r o b e n z a ld e h y d e s  o r  o - n i t r o a c e t o -  
p h e n o n e s .  T h e  fo r m e r  w e r e  p r e p a r e d  a s  d e s c r ib e d  in  t h e  l i t e r a t u r e  o r  fr o m  t h e  r e s p e c t iv e  
o - n i t r o b e n z e n e d ia z o n iu m  s a l t  a n d  fo r m a ld o x im e .®  o - N it r o a c e t o p h e n o n e s  w e r e  a ls o  
p r e p a r e d  b y  t h e  la t t e r  m e t h o d  (w it h  a c e t a l d o x im e  in  p la c e  o f  f o r m a ld o x im e ) , o r  b y  t h e  
t r e a t m e n t  o f  t h e  o - n i t r o b e n z o y l  c h lo r id e  w i t h  e t h o x y m a g n e s iu m  m a lo n a t e  f o l lo w e d  b y  
h y d ro ly s is .^ ®  o - N it r o - k e t o n e s  w e r e  c o n v e r t e d  in t o  t h e  o x im e s  b y  s t a n d a r d  p r o c e d u r e s  
a n d  r e d u c e d  c a t a l y t i c a l l y  t o  t h e  a m in e s  (V I ) .
E x p e r im e n t a l
M ic r o a n a ly se s  w e r e  b y  D r . J . E . F ild e s  a n d  h e r  s ta ff . E v a p o r a t io n s  w e r e  c a rr ied  o u t  
in  a  r o ta r y  e v a p o r a to r  a t  3 0 — 4 0 ° /I 5  m m ., a n d  th e  p u r ity  o f  m a te r ia ls  w a s  e x a m in e d  a s  b efo re .^  
Q u in a z o lin e  3-oxide,®  4 -m e th y lq u in a z o lin e  3 - o x i d e , 3-,^- 5-, a n d  6 - m e t h o x y - 2 -n itr o b e n z -  
a ld e h y d e ,^  4 -ch lo ro -2 -n itro b en za ld eh y d e ,^ ®  4 -m e th o x y -2 -n itr o -a n i lin e  a n d  -ace to p h en o n e ,^ "  
a n d  4 -m e th o x y q u in a z o l in e  1-o x id e  w ere  p rep a red  a s  d e sc r ib e d  in  t h e  r e fe r e n c e s  c it e d .
P r o p e r t ie s  a n d  a n a ly s e s  o f  th e  c o m p o u n d s  p rep a red  b y  th e  fo l lo w in g  t y p ic a l  m e th o d s  are  
g iv e n  in  T a b le  3.
3-Methoxy-2.-nitroacetophenone.— D r y  3 -m e th o x y -2 -n itr o b e n z o ic  a c id  (10  g .) ,  p h o sp h o r u s  
p e n ta c h lo r id e  ( 1 1 0  g .) ( th io n y l c h lo r id e  w a s  u n r e a c t iv e ) , a n d  a  fe w  d r o p s  o f  p h o sp h o r u s  o x y ­
c h lo r id e  w e r e  h e a te d  a t  100° fo r  10 m in . T h e  e x c e s s  o f  o x y c h lo r id e  w a s  r e m o v e d  m  vacuo a n d  
th e  c r y s ta l l in e  r e s id u e  d is s o lv e d  in  b e n z e n e  (40  m l.)  a n d  r e c o v e r e d , a n d  th e  w h o le  p r o c e ss  w a s  
r e p e a te d . T h e  c h lo r id e  w a s  a d d e d  s lo w ly  in  b e n z e n e  (40  m l.)  t o  a  s t ir r e d  e th e r e a l s o lu t io n  
o f  e th o x y m a g n e s iu m  m a lo n a te  (from  10 4  m l. o f  d ie t h y l  m a lo n a te ) ,  s t ir r in g  w a s  c o n t in u e d  
fo r  I h r ., a n d  th e  m ix tu r e  d e c o m p o s e d  w ith  4 N -su lp h u r ic  a c id . T h e  b e n z e n e  la y e r  w a s  d r ie d  
(Na^SO^) a n d  e v a p o r a te d  t o  d r y n e s s . T h e  r e s id u e  w a s  r e flu x e d  in  g la c ia l  a c e t ic  a c id  (17 m l.)  
a n d  su lp h u r ic  a c id  (2-3 m l. ; d 1-84) d ilu te d  w it h  w a te r  (17  m l.) , fo r  4  hr. T h e  d e p o s it  o f  th e  
a c e to p h e n o n e  o b ta in e d  o n  c o o lin g  r e c r y s ta ll is e d  fro m  e th a n o l ,  th e n  h a v in g  m . p . 128 — 130°  
( lit .,1 :  12 9 — 130°) (0 -0  g ., 9 1 % ).
A-Methyl-2-nitroacelophenone Oxime.— 4 -A m in o -3 -n itr o to lu e n e  (31-2  g .) in  18%  h y d r o ­
c h lo r ic  a c id  (9 0  m l.) w a s  d ia z o t is e d  a t  — 2° t o  0° w it h  so d iu m  n it r ite  (1 3 -4  g .) in  w a te r  (22  m l.) . 
A fte r  10 m in . th e  s o lu t io n  w a s  f ilte r e d , n e u tr a lis e d  to  C o n g o  R e d , a n d  tr e a te d  w it h  so d iu m  
a c e t a t e  s o lu t io n . S o lu t io n s  o f  [a) a c e ta ld o x im e  (18  g .) in  w a te r  (20  m l.)  a n d  [b] c o p p e r  s u lp h a te  
(1 0  g .) , h y d r a te d  so d iu m  s u lp h ite  (1-6 g .) , a n d  h y d r a te d  s o d iu m  a c e ta t e  (1 3 0  g .) in  w a te r  (1 2 0  
m l.) w e r e  m ix e d  a n d  th e n  a d d e d , w ith  s t ir r in g , b e lo w  th e  su r fa c e  o f  th e  d ia z o n iu m  s o lu t io n  
a t  <  15°. A fte r  I h o u r ’s s t ir r in g  th e  b la c k  in s o lu b le  m a te r ia l w a s  s e p a r a te d  a n d  r e f lu x e d  w ith  
a n  e x c e s s  o f  h y d r o c h lo r ic  a c id  (2 2 5  m l . ; d T 1 8 ) for  2^ h r ., t h e n  s t e a m -d is t i l le d ;  t h e  fir s t  3 1. 
o f  d is t i l la t e  w e r e  n e u tr a lis e d  w ith  so d iu m  h y d r o g e n  c a r b o n a te  a n d  e x tr a c t e d  w ith  e th e r . T h e  
e x tr a c t  w a s  d r ied  (N a^SO j) a n d  o n  e v a p o r a t io n  g a v e  a n  o il (10 -6  g .) , b . p . 79 — 8 3 ° /0 -4 — 0-5  m m . 
T h is  o il g a v e  t h e  o x im e  (3-3 g ., 8 % ) b y  th e  m e th o d  d e sc r ib e d  b e lo w . A lth o u g h  th e  o v e r a ll  
y ie ld  is  lo w  th is  m e th o d  is  b e t t e r  th a n  th e  r eco rd ed  s e v e n - s ta g e  s y n t h e s is  s t a r t in g  fr o m  4 -m e th y l-  
a ce to p h en o n e .i®
4 -M e th o x y -  a n d  4 -m e th y l-2 -n it r o b e n z a ld e h y d e  o x im e  w e r e  p r e p a r e d  b y  t h e  a b o v e  m e th o d  
b u t  w ith  fo r m a ld o x im e .
o-Amino-oximes.— T h e  o -n itr o -a ld e h y d e  or  -k e to n e  (2 - 0  g .) in  e th a n o l  ( 2 0  m l.)  a n d  h y d r o x y l-  
a m in e  h y d r o c h lo r id e  (5-0  g .) in  w a te r  (20  m l.) w ere  r e f lu x e d  fo r  1 hr. O n  c o o lin g  (a n d  d ilu t io n
w ith  w a te r  if  n ecessa ry ), th e  o x im e  cry sta llised  (70— 90% ). T h e  o -a m in o -o x im es  w ere  prep ared  
(70— 90% ) b y  h y d r o g e n a tin g  th e  n itr o -o x im e s  (TO g.) w ith  5%  p a lla d iu m -c h a r c o a l (0-25 g.) 
in  e th a n o l ( 1 0 0  m l.) a t  1  a tm .
Quinazoline 3-Oxides.— T h e  o -a m in o -o x im es (TO g.) an d  tr ie th y l o r th o fo rm a te  (3 t o  5 m l.) 
w ere reflu x ed  for 3 hr. an d  coo led . T h e  oxides (60— 90% ) w ere filtered  off an d  r ecry sta llised .
Spectra.— T h e u ltr a v io le t  sp ec tra  w ere  m ea su red  w ith  a  P erk in -E lm er  S p ec tra co rd  in s tr u ­
m en t, m o d e l 4000A , an d  th e  m a x im a  w ere ch eck ed  w ith  a  H ilg er  U v isp e k  m ark  V  m a n u a l  
in s tr u m e n t;  in frared  sp ec tra  w ere  ta k e n  w ith  a  P erk in -E lm er  21 d o u b le -b ea m  sp e c tr o p h o to ­
m eter . Io n isa tio n  co n s ta n ts  w ere  d e term in ed  sp e c tr o p h o to m e tr ic a lly  b y  th e  m e th o d  u sed  in  
th is  D e p a r tm e n t.
T a b l e  3.
Cryst.
Compound from * M. p.
2-N itroacetophenone oximes
3-MeO C«Hg 168— 170°
4-MeO 141— 143
4-Me E tO H 186— 187
2-Am inobenzaldehyde oximes
4-Me CfiHe 153— 154
5-MeO E tO H 150 +
6 -MeO A 115— 116
2-Am inoacetophenone oximes
4-Me A 122— 123
3-MeO CfiHg 118— 119
Quinazoline 3-oxides
7-Cl E tO H 216— 218 +
7-Me CgHs 153— 154
4,7-Meo 175— 176
5-MeO E tO H 183— 184
6 -MeO 186— 187
7-MeO / / 2 0 0 — 2 0 1
8 -MeO COMe, 195— 196
7-MeO-4-Me A 145— 146
8-MeO-4-Me QHg 198— 199
* A =  CgHg--light petroleum  (b. p. 4 0 -
w ith added glucose, t W ith  decomp. §
Found {%) Required (%)
C H N Form ula C H N
5 1 6 4 9 —  t CgH,oN,0., 5 1 4 4-8 13 3
5T7 4 95 13 4
55 6 ;") 5 1 - t CgHjoNoOg 55-7 5 2 14-4
64 1 6  65 18 5 CgH.gNgO 64-0 6-7 18-65
57 5 5 8 —  t VgH^gNoOg 57-8 6 - 1 16-9
57 5 6  2 . 16 4 " ” "
6 6  1 7 1 —  t CgHjoNoO 65-8 7-4 17-1
59 9 6  7 15 15 CgHjoNoOo 60-0 6-7 15-55
52 8 2 9 14 9 CgHgClN,0§ 53 2 2 - 8 15-5
67 2 5 05 17 3 CgHgN.,0 67-5 5-0 17-5
6 8  7 5 9 16 05 C,gH,gNgO 69-0 5-8 16-1
615 4 4 15 7 CgHgN,0 , 6T4 4-6 15-9
55 8 5 2 14 2 55-7 5-2 14-4
617 4 8 15 8 6T4 4-6 15-9
6T7 4 6 15 8
62 6 5 4 14-45 ^^ 10^ 10^ 2 ^ 2 63-1 5-3 14-7
63 5 5 3 14-5 , , , , , ,
). t  N analyses (Kjeldahl) of oximes were low, even 
nd: Cl, 19 6 . R eqd.: Cl, 19-6%. -fHoO.
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799. 2^'iazanaphthalenes. Part 1.^ Covalent Hydration in  
1,3,5-, 1,3,6-, 1,3,7-, and l,3,S-Triazanaphthalene.
B y  W . L . F . A r m a r e g o .
Syn theses of 1,3,5-, 1,3,6-, 1,3,7-, an d  1 ,3 ,8 -triazan ap h th a len e  are  
described. T he overa ll ion iza tion  co n s tan ts  &nd u ltra v io le t sp e c tra
revealed  a  h igh  degree of co v a len t h y d ra tio n  in  th e  cations. T he tru e  ion iz­
a tio n  co n s tan ts  of th e  h y d ra te d  species of th re e  tr ia z a n a p h th a le n e s  an d  of th e  
h y d ra te d  species of th e  four m ono(B z)n itroqu inazo lines w ere m easured  an d  
used to  exp la in  th e  a p p a re n tly  anom alous pAg^q values of th e  la tte r . T he 
p ro p o rtio n  of h y d ra te d  species in  th e  n e u tra l m olecules of th e  tr ia z a n a p h th ­
alenes, an d  th e  position  of p ro to n a tio n , a re  discussed.
C o v a l e n t  h y d r a tio n  in  th e  c a t io n s  o f  th e  ch lo ro -, m e th y l- ,  h y d r o x y - , m e th o x y - ,  a n d  
a m in o -q u in a z o lin e  h a s  b e e n  c le a r ly  d e m o n s tr a te d  b y  u ltr a v io le t  sp e c tr a  a n d  b y  ra p id  
re a c tio n  m eth od s.^  I t  w a s  n o t , h o w e v e r , p o ss ib le  to  d e m o n s tr a te  th is  for th e  m o n o (B z -)-  
n itr o q u in a z o lin e s  b e c a u se  th e  n itro -g ro u p  m a d e  th e  sp e c tr a  so  c o m p le x  th a t  o n ly  sm a ll  
d ifferen ces w ere  o b se r v a b le  b e tw e e n  th e  n e u tr a l m o le c u le s  a n d  th e ir  c a tio n s . T h e  o v e r a ll  
io n iz a tio n  c o n s ta n ts  * for  th e s e  n itr o q u in a z o lin e s  (see  T a b le  I) in d ic a te d , c o n tr a r y  to  
a c c e p te d  ru les , th a t  th e  n itro -g ro u p  w a s  b a se -s tr e n g th e n in g . I t  w a s  th ere fo re  d ec id ed  
to  s tu d y  1 ,3 ,% -tr iazan ap h th a len es (w h ere  a  is  5 , 6 , 7 , a n d  8 ), in  w h ic h  ea ch  n itro -g ro u p  in  
th e  q u in a z o lin e s  w a s  rep la ce d  b y  a  r in g -n itro g en  a to m . In  th e s e  n e w  b a se s , th e  sp e c tr a l 
c o m p lic a t io n s  o f th e  n itro -g ro u p  are a b se n t a n d  th e  e le c tr o n ic  in f lu e n c e s  o f th e  d o u b ly  
b o u n d  n itr o g e n  a to m  o n  th e  p y r im id in e  r in g  sh o u ld  b e  co m p a r a b le  ® w ith  th o s e  o f th e  
n itro -g ro u p  in  th e  n itr o q u in a z o lin e s . In  a d d it io n , 1 ,2 ,3 -  a n d  1 ,3 ,4 -tr ia z a n a p h th a le n e  
w ere  s tu d ie d .
T o  e s ta b lis h  th e  v a lid ity , in  th e  p r e se n t w ork , o f  e q u a t in g  th e  e le c tr o n ic  in flu en ce  o f  a  
d o u b ly  b o u n d  n itr o g e n  a to m  w ith  th a t  o f a  n itr o -g r o u p  th e  io n iz a t io n  c o n s ta n ts  o f th e  
fo u r  m o n o (B z )n itr o q u in o lin e s  a n d  th e  fo u r  m o n o  (Bz) n itr o iso q u in o lin e s  w ere  d e te r m in e d  
a n d  co m p a red  w ith  th e  v a lu e s  a v a ila b le   ^ for 1 ,5 -, 1 ,6 -, 1 ,7 -, a n d  1 ,8 -n a p h th y r id in e . T h e  
e ffec t o f a  n itr o -g r o u p  in  th e  b e n z e n e  r in g  o f q u in o lin e  or is o q u in o lin e  w a s  to  red u ce  th e  
p A a  o f th e  p a r e n t su b s ta n c e  b y  a b o u t 2 u n its  (see T a b le  1). T h e  pA& v a lu e s  o f 1 ,6 - a n d
1 ,7 -n a p h th y r id in e  are a lso  a b o u t 2  u n it s  b e lo w  th a t  o f  iso q u in o lin e . In  th is  ca se , N  6  
a n d  N -7  are p r o to n a te d  a n d  th e  v a lu e s  sh o u ld  b e  c o m p a red  w ith  th o s e  for  5 - a n d  8 -n itr o -  
is o q u in o lin e , r e sp e c t iv e ly . S im ila r ly , 1 ,5 -n a p h th y r id in e  (cf. 5 -n itro q u in o lin e ) is  a  w ea k er  
b a se  b y  2  u n its  th a n  q u in o lin e , b u t  th e  p A „  v a lu e  o f th e  1 ,8 - iso m er  (cf. 8 -n itro q u in o lin e ) is  
le s s  b y  T 5 5  u n its . T h e  s o m e w h a t  sm a ller  d ifferen ce  in  th e  la s t  ca se  is  d u e  to  th e  peri- 
n itr o g e n  a to m  w h ic h  te n d s  to  in crea se  th e  b a s ic  s tr e n g th  b y  h y d r o g e n  b o n d in g . T h e  
n itro -g ro u p  in  th e  a b o v e  a z a n a p h th a le n e s  is  th u s  b a se -w e a k e n in g  a n d  h e n ce  it  sh o u ld  
b e h a v e  s im ila r ly  in  th e  n itr o q u in a z o lin e s . T h e  b a s e -s tr e n g th e n in g  e ffec t in  th e  n itr o ­
q u in a z o lin e s  su g g e s ts  th a t  c o v a le n t  h y d r a t io n  is  o ccu rrin g .
Ultraviolet Spectra of the Neutral Molecules.— T h e  I , I I ,  a n d  I I I  b a n d s  o f n a p h th a le n e  
(220 , 2 7 5 , a n d  31 2  nifji) ca n  b e  d is t in g u ish e d  in  q u in o lin e , isoqu inoline,®  n a p h th y r id in es ,^  
a n d  o th e r  azan ap h th a len es,®  w h erea s  th e  sp e c tr a  o f  m o n o (B z )n itr o -q u in o lin e s  ® a n d  - iso ­
q u in o lin e s  are m o re  d ifficu lt to  in te r p r e t. S im ila r ly  i t  h a s n o w  b e e n  fo u n d  th a t  th e  
sp e c tr a  o f 1 ,3 ,5 -, 1 ,3 ,6 -, 1 ,3 ,7 -  a n d  1 ,3 ,8 -tr ia z a n a p h th a le n e  (T a b le  2) are a lso  ea s ier  to  
in te r p r e t  th a n  th o s e  o f  th e  m o n o  (B z )n itr o q u in a z o lin e s .
T h e  sp e c tr a  o f th e  n e u tr a l m o le c u le s  o f th e  fo u r  tr ia z a n a p h th a le n e s  in  w a te r  h a v e  m o re  
d e ta i l th a n  th a t  o f  q u in a z o lin e . F o r  th e  1 ,3 ,6 -  a n d  th e  1 ,3 ,7 -iso m er  th e  th ree  m a in  
b a n d s  ca n  b e  reco g n iz ed  w h erea s  for th e  1 ,3 ,5 - a n d  th e  1 ,3 ,8 -iso m er  th e  s h o r t -w a v e le n g th
* I.e., the observed, tim e-dependent values which include both ionization and covalent hydration.
T a b l e  1.
Io n iz a tio n  c o n s ta n ts ,  in  H^O a t  20^
Spread A " Spread A "
Substance pA„ (± ) (my) Substance pA„ (± ) (my)
Quinolines T  riazanaphthalencs
Quinoline ................. 4 95® 0 03 — 1,3,5-Triazanaphthalene ............ 4 I D 0 03 303
5-Nitro ..................... 2 73« 0 03 230 1,3,7-Triazanaphthalene ............ 4 . 7 0  ff.* 0  0 2 —
6 -N itro ..................... 2-76» 0 04 270 1,3,8 -Triazanaphthalene ............ 3 85f.® 0 0 3 —
7-Nitro ..................... 2  44 '' 0 03 279 1,2,4-Triazanaphthalene ............ - 0  82" 0 05 244
8 -N itro ..................... 2 59" 0  0 2 330 4-H ydroxy-3,4-dihydro-1,3,5- ... 6  46 0 0 5 295
Isoquinolines
4-H ydroxy-3 ,4-d ihydro-l,3 ,7 -... 6  35 0 05 295
4-H ydroxy-3 ,4-d ihydro-l,3 ,8 -... 6  56 0 0 5 280
Isoquinoline ............
5-Nitro .....................
5-40 
3 53" 0 0 3 350 Quinazolines
6 -N itro ..................... 3 47" 0 04 223 Quinazoline .................................. 3 5 1 /. ' 0 05 —
7-Nitro ..................... 3 61" 0 04 2 2 0 5-Nitro ........................................... 3 7 5 / . ' 0  0 1 —
8 -N itro ..................... 3 59" 0 03 355 6 -N itro ...........................................
7-Nitro ............................................
4 1 8 /.' 
4 0 5 / . '
0  0 1  
0 0 1
—
N  aphthyridines 8 -N itro ........................................... 4 0 0 / . ' 0 0 2 —
1,5-N aphthyrid ine 2 91" 0 0 3 — 3,4-D ihydro-4-hydroxy ............ 7 .7 7 / 0 04 290
1,6 -N aphthyrid ine 3 78" 0 03 — 3,4-D ihydro-4-hydroxy-5-nitro 6  43 0 0 5 300
1,7-N aphthyrid ine 3 63" 0 03 — 3,4-D ihydro-4-hydroxy-6-nitro 7 02 0 0 5 320
1,8 -N aphthyrid ine 3 39" 0  0 1 3.4-D ihydro-4-hydroxy-7-nitro
3.4-D ihydro-4-hydroxy-8-nitro
6  15 
6  0 0
0 05 
0 05
340
360
“ A nalytical w avelength. ®
 ^ Osborn, Schofield, and Short, 
* D eterm ined by potentiom etric 
( / . ,  1956, 1294).
Albert, Goldacre, and Phillips, 1948, 2240. ® Therm odynam ic.
J ..  1956, 4191. « Ref. 4. ^ Ref. 2. These are p A /^  values,
titra tio n  a t 10'®M-concentration as described by A lbert and Phillips
Substance
1.3.5-T riazanaphthalene
1.3.6-T riazanaphthalene
1.3.7-Triazanaphthalene
1.3.8 -Triazanaphthalene
2-Am inopyridine-3-alde- 
hyde
4-Am inopyridine-3-alde- 
hyde
1,2,4-T riazanaphthalene
1 ,2 ,3-Triazanaphthalene 
3-oxide
4-M ethyl-1,2,3-triaza- 
naphthalene 3-oxide
“ Inflexions are in italics.
T a b l e  2 .
U ltra v io le t  spectra,®  in  w a te r  a t  20*^  
Charge * Am». loge pH
0 251; 274 -f 280 +  285 -f 3 45; 3 2 1  4 - 3 32 4 - 3 40 4 - 7 0
291 T  296 4- 302 3 55 4 - 3 50 4 - 3 61
0 236 +  244 +  251 -f- 261; 3-53 4- 3 56 -f 3 54 -f 3-40;
271 4 - 276 4 - 281 4 - 286 -f 3-24 +  3-34 4- 3 47 4 - 3 54 4 -
292 4 - 298 -f  305; 345 3 6 8  -f 3 63 4- 3 80; 2 07
+ 261 4- 274 3 87 - 4  3 84 2  0
0 218; 263; 285 -f  208 4 42; 3 50; 3-35 4- 3-16 7 0
0 216; 239; 247 -f 258 4 - 4 50; 3 43; 3-44 +  3 50 4 - -- e
26P 4 - JJO 3-46 4- 2-93; 2-49
0 214; 249 4- 259; 305 4 - 4 36; 3-4 5 +  3-41; 3-46 + 7 0
314 3 50 ,
0 214; 240 +  246 +  255 -f- 4 36; 3-45 -f 3 49 -j- 3-42 -f-
266; 295 +  305 -f 316 3-20; 3-35 4- 3 46 4 - 3 48
-f 254 4- 261; 278 3 94 4 - 3-92; 3 69 2  6
0 246 +  252 4- 261; 293 -f 3-50 4 - 3 51 4- 3-41; 3 73 + 6 0
297 +  303 3-72 4- 3 72
0 237 4 - 244 4- 252 +  263; 3 48 4- 3 48 -f 3-42 4- 3-31; --  C
293 4- 297 4- 304 3 63 4- 3 64 -f 3 64
+ 250 4- 259 4- 281; 324 3-63 4- 3-64 +  3 91; 2 72 2  0
d 214; 257; 334 3-80; 3 76; 3 82 2 1
0 " 219; 253 4- 258 -f 265; 4 42; 3-84 4- 3 8 8  -f 3 73; 7 2
312 3 54d 218; 261 4- 263; 302 4 43; 4-03 4 - 4 04; 3 56 2  1
0 232; 307 + 3 4 0 ;  415 4 49; 3 61 -f 3-25; 2 48 5 0
+ 243; 313; 387 4 44; 3 62; 3 1 4 — 3 6 /
0 " 239 +  266; 297; 375 4-17 4 - 4 36; 3 82; 3 08 7 0
0 " 242 +  255; 294 4 - 299; 4-30 4 - 4 40; 3 74 4 - 3-73; 7 0
3-11
------------ — --------   * 0  and +  represent neu tra l molecules and cations, respectively.
« In  cyclohexane. ^ Ionic species no t known. ® N eutra l species are undoubtedly  present a t  this 
pH . 1 H q value.
b a n d  I a p p e a r s  to  h a v e  b e e n  d is p la c e d  to  m u c h  sh o r te r  w a v e le n g th s .  T h e  s p e c tr a  o f  th e  
n e u tr a l  m o le c u le s  in  w a te r  a n d  in  c y c lo h e x a n e  a re  s im ila r , in d ic a t in g  th e  a b s e n c e  o f  an  
a p p r e c ia b le  a m o u n t  o f  a  h y d r a te d  s p e c ie s . T h e  1 ,3 ,5 - iso m e r  s h o w e d  a d d it io n a l  a b so r p t io n  
in  c y c lo h e x a n e  a t  3 4 5  mp. d u e  to  a n  n  — ► tt* tr a n s it io n .
T h a t  1 ,3 ,6 - t r ia z a n a p h th a le n e  d e c o m p o s e d  s lo w ly  a t  p H  7 T 7  (n e u tr a l m o le c u le )  w a s  
sh o w n  b y  a  s m a ll  c h a n g e  in  s p e c tr u m  o b s e r v e d  a fte r  3 hr.  (2 0 °). T h e  c h a n g e  w a s  c o m p le te  
a fte r  a b o u t  2  w e e k s  a n d  th e  f in a l s p e c tr u m  w a s  id e n t ic a l  w ith  t h a t  o f  4 -a m in o p y r id in e -3 -  
a ld e h y d e  a t  p H  7 T 7 . T h e  n e u tr a l m o le c u le s  o f  th e  o th e r  th r e e  t r ia z a n a p h th a le n e s  are  
v e r y  s t a b le  a t  th is  p H  a n d  th e  s p e c tr a  w e r e  u n c h a n g e d  a fte r  5  w e e k s . I n  s tr o n g e r  a lk a li  
(N -N a O H ), h o w e v e r , d e c o m p o s it io n  w a s  r a p id .
Ultraviolet Spectra o f the Cations.— W h e n  a q u e o u s  s o lu t io n s  o f  th e s e  fo u r  tr ia z a n a p h th ­
a le n e s  w e r e  a c id if ie d , th e  s p e c tr a , ta k e n  5 — 1 0  m in u te s  a f te r  m ix in g , w e r e  fo u n d  to  b e  a t  
s h o r te r  w a v e le n g th s  th a n  th o s e  o f  th e  c o r r e sp o n d in g  n e u tr a l m o le c u le s  (see  T a b le  2 ). 
H e n c e  th e s e  b a se s , a s  w it h  q u in a z o lin e , a re  p r e d o m in a n t ly  h y d r a te d  ( > 9 0 % )  a s  th e  
c a t io n s . T h is  c o n c lu s io n  w a s  su p p o r te d  b y  r a p id ly  n e u tr a l iz in g  th e  a c id  s o lu t io n s , w h e r e ­
u p o n  th e  s p e c tr a  o f  t h e  c a t io n s  a lte r e d  o n ly  g r a d u a lly  ( fo llo w in g  fir s t-o r d e r  k in e t ic s ) , b u t  
f in a lly  g a v e  th e  s p e c tr a  o f  th e  a n h y d r o u s  n e u tr a l m o le c u le s . 1 ,3 , 8 -T r ia z a n a p h th a le n e , in  
a c id  s o lu t io n , h a s  a lso  a  s m a ll  a b so r p t io n  b a n d  a t  3 2 4  mjj. (e 5 3 0 ) [in  a d d it io n  to  t h e  h ig h -  
in t e n s i t y  b a n d  a t  2 8 1  m[j. (e 8 1 5 0 )]  w h ic h  w a s  fir s t  a t t r ib u te d  t o  th e  p r e s e n c e  o f  so m e  
a n h y d r o u s  c a t io n . T h is  a b so r p t io n  w a s  fo u n d  to  b e  d u e  to  th e  h y d r a te d  c a t io n  b e c a u s e  
w h e n  a n  a lk a lin e  s o lu t io n  w a s  im m e d ia t e ly  a c id if ie d , in  a  r a p id -r e a c t io n  a p p a r a tu s , th e  
a b s o r p t io n  a t  3 2 4  mgr in c r e a s e d  lo g a r ith m ic a lly  w ith  t im e . T h e  r a te  o f  in c r e a s e  o f  
a b s o r p t io n  a t  3 2 4  m[x a n d  a t  2 1 8  mfx w e r e  id e n t ic a l .
U n lik e  th e  n e u tr a l m o le c u le s  th e  c a t io n s  d e c o m p o s e d  g r a d u a lly  a t  2 0 ° . T h e  t im e s  in  
T a b le  3 r e p r e se n t  th e  t im e s  a fte r  m ix in g  w h e n  th e  c h a n g e s  in  th e  s p e c tr a  w e r e  a p p a r e n t .  
T h e  s p e c tr a  o f  1 ,3 ,5 - , 1 ,3 ,7 - , a n d  1 ,3 ,8 - t r ia z a n a p h th a le n e  c a t io n s  b e c a m e  s t e a d y  a fte r
T a b l e  3.
Substance
4-Aminopyridine-3-aldehyde 
Q uinazoline..............................
1.3.5-T riazanaphthalene ...
1.3.6-TriazanaphthaIene ...
1.3.7-Triazanaphthalene ...
1.3.8 -Triazanaphthalene ...
5-N itroquinazolin e ................
G -N itroquinazoline................
7-Nitroquinazolin e ................
8 -N itroquinazolin e ................
« A / / ( A r i  -  A » .  ®
bands were observed.
Propn. of hydrated  to  
anhydrous " neu tra l
ÿ-NOg'CgH^'NH'NHg
reaction ® Time ® a t  which UV spectra began to
species Colour of ppt. Time change a t  pH  2
— Orange-red 1 min. No change
0 55 X 10-‘ No change — No change
0 45 X 10-2 R ust 45 min. 50 min.
— Yellow 3 min. 4 min.
2 3 X 10-2 R ust 45 min. 50 min.
0 20 X 10-2 Orange 60 min. 3 hr.
0 21 X 10-2 — — 40 min."
0 15 X 10-2 — — 40 min."
0 80 X 10-2 — — No change
1 0  X 10-2 — — 35 min."
A pproxim ate. " Small changes in intensities of the  shorter-wavelengtl
5  w e e k s . N o  is o s b e s t ic  p o in t s  w e r e  o b s e r v e d  d u r in g  th e  c h a n g e s , in d ic a t in g  t h a t  s e v e r a l  
r e a c t io n s  w e r e  ta k in g  p la c e  c o n s e c u t iv e ly .  T h e  f in a l s p e c tr u m  o f  th e  c a t io n  o f  th e  1 ,3 ,8 -  
is o m e r  w a s  th e  sa m e  a s  th e  s p e c tr u m  o f  2 -a m in o p y r id in e -3 -a ld e h y d e  ta k e n  a t  th e  sa m e  p H .
1 ,3 ,6 -T r ia z a n a p h th a le n e  c a t io n  w a s  th e  m o s t  u n s ta b le  a n d  d e c o m p o s it io n  a t  p H  2 07  
b e g a n  a s  so o n  a s  t h e  s o lu t io n  w a s  p r e p a r e d  a n d  w a s  n e a r ly  c o m p le te  a fte r  4 8  hr. T h e  
f in a l s p e c tr u m  o b ta in e d  w a s  id e n t ic a l  w it h  t h a t  o f  4 -a m in o p y r id in e -3 -a ld e h y d e  a t  
p H  2 0 7 . I t  w a s  th e r e fo r e  n o t  p o s s ib le  t o  m e a s u r e  th e  sp e c tr u m  o f  th is  tr ia z a n a p h th a le n e  
c a t io n  or  th e  io n iz a t io n  c o n s t a n t .  T h e  f in a l s p e c tr a  o f  th e  d e c o m p o s it io n  p r o d u c ts  o f  th e  
c a t io n s  o f  1 ,3 ,5 -  a n d  1 ,3 ,7 - t r ia z a n a p h th a le n e  are  ta k e n  to  b e , b y  a n a lo g y , th o s e  o f  3 -a m in o -  
p y r id in e -2 -  a n d  -4 -a ld e h y d e .
T h e  s p e c tr u m  o f  1 ,2 ,4 - t r ia z a n a p h th a le n e  a t  p H  5  0  h a s  a n  n  — ► tt* tr a n s it io n  b a n d , 
a n d  th e  d if fe r e n c e  in  th e  p o s it io n  o f  t h e  lo n g - w a v e le n g th  b a n d  for  t h e  c a t io n  a n d  n e u tr a l
m o le c u le  is  p r o b a b ly  d u e  to  th e  e ffe c t  o f  p r o to n a t io n  o n  th is  b a n d , a n d  n o t  to  h y d r a t io n  o f  
th e  c a t io n . T h e  p /v „  v a lu e  o f  — 0 -8 2  (se e  T a b le  1 ) is  c o m p a t ib le  w it h  th e  a b s e n c e  o f  
c o v a le n t  h y d r a t io n .
1 ,2 ,3 -T r ia z a n a p h th a le n e  w a s  n o t  p r e p a r e d  b e c a u s e  m a n y  o b s e r v a t io n s  ® s u g g e s te d  t h a t  
i t  w o u ld  b e h a v e  a s  a n  u n s t a b le  d ia z o n iu m  c o m p o u n d . T h e  3 -o x id e  h a s  b e e n  e x a m in e d  
a n d  w a s  fo u n d  t o  d e c o m p o s e  r e a d ily  in  a c id  s o lu t io n .  S im ila r ly  4 - m e t h y l - l ,2 ,3 - t r ia z a -  
n a p h th a le n e  3 -o x id e  d e c o m p o s e d  in  a c id  s o lu t io n  a n d  th e  io n iz a t io n  c o n s t a n t  c o u ld  n o t  
b e  fo u n d . T h e  p r o d u c t  o b ta in e d  b y  d ia z o t iz a t io n  o f  o -a m in o b e n z a ld e h y d e  o x im e  is  
1 ,2 ,3 - t r ia z a n a p h t l ia le n e  3 -o x id e  a n d  n o t ,  a s  h a s  b e e n  s t a t e d ,  t h e  in d a z o lo n e  o x im e  ® b e c a u s e  
i t s  s p e c tr u m  w a s  s im ila r  t o  t h a t  o f  t h e  p r o d u c t  o f  d ia z o t iz a t io n  o f  o -a m in o a c e to p h e n o n e  
o x im e  (w h ic h  is  u n d o u b te d ly  4 - m e t h y l - l ,2 ,3 - t r ia z a n a p h t h a le n e  3 -o x id e ® ) . B o t h  s p e c tr a  
w e r e  d e te r m in e d  a t  p H  7 T 7  w h e r e  d e c o m p o s it io n  w a s  n e g lig ib le .
Position o f Hydration.— T h e  d e g r a d a t io n  o f  t h e s e  t r ia z a n a p h th a le n e s  in  a c id  s o lu t io n  
t o  a m in o p \T id in e a ld e h y d e s  e x c lu d e s  a d d it io n  o f  w a te r  t o  t h e  p y r id in e  r in g . A ld e h y d e  
r e a c t io n s  w it h  ^ -n i t r o p h e n y lh y d r a z in e  a t  p H  2  w e r e  p e r fo r m e d  a n d  t h e  t im e s  a t  w h ic h  
p r e c ip i ta t io n  o f  t h e  h y d r a z o n e s  o c c u r r e d  a re  g iv e n  in  T a b le  3 . T h e s e  t im e s  a re  in  r o u g h  
a g r e e m e n t  w it h  t h e  s p e c t r a l  d a t a  (a lso  in  T a b le  3 ). T h is  e x c lu d e s  t h e  p r e lim in a r y  a d d it io n  
o f  w a te r  a c r o s s  t h e  1 ,2 -d o u b le  b o n d  fo l lo w e d  b y  r in g  o p e n in g , b e c a u s e  o n ly  3 ,4 -  or  1 ,4 -  
a d d it io n  o f  w a te r  fo l lo w e d  b y  r in g  o p e n in g  w o u ld  le a d  t o  a  p o s i t iv e  a ld e h y d e  t e s t .  M ild  
o x id a t io n  w it h  h y d r o g e n  p e r o x id e  (se e  ref. 1 ) w a s  s h o w n , b y  p a p e r  c h r o m a to g r a p h y  a n d  
u lt r a v io le t  s p e c t r o s c o p y , t o  y ie ld  in  e a c h  c a s e  t h e  c o r r e s p o n d in g  4 - h y d r o x y t r ia z a -  
n a p h th a le n e s .  T h u s , a s  w it h  q u in a z o l in e , h y d r a t io n  o f  1 ,3 ,5 - ,  1 ,3 ,6 - ,  1 ,3 ,7 - , a n d  1 ,3 ,8 -  
t r ia z a n a p h th a le n e  c a t io n s  o c c u r s  a t  t h e  3 ,4 -  or  1 ,4 -p o s it io n . T h e s e  tw o  p o s i t io n s  c a n n o t  
b e  d is t in g u is h e d  fr o m  o n e  a n o th e r  in  t h e  c a t io n s  b e c a u s e  t h e y  a re  r e s o n a n c e - s ta b i l iz e d  
s t r u c tu r e s . F o r  th e  n e u tr a l  m o le c u le s ,  h o w e v e r , i t  is  n o t  p o s s ib le  t o  s a y  w h e th e r  3 ,4 -  or
1 ,4 -a d d it io n  o f  w a te r  o c c u r s . T h e  fo r m e r  is  t h e  m o r e  l ik e ly  b e c a u s e  i t  w o u ld  in v o lv e  a  
f u l ly  c o n ju g a t e d  s )  s t e m  w h e r e a s  1 ,4 -a d d it io n  w o u ld  p r o d u c e  a  le s s  s t a b le  s y s t e m  w it h  a n  
i s o la te d  (2 ,3 - )d o u b le  b o n d . I n  th i s  p a p e r  t h e  h y d r a te d  n e u tr a l s p e c ie s  w il l  b e  c o n s id e r e d  
a s  h a v in g  w a te r  c o v a le n t ly  b o u n d  a c r o s s  p o s i t io n s  3 ,4 .
T h e  p o s i t iv e  a ld e h y d e  t e s t s  in d ic a te  r in g - c h a in  t a u t o m e r is m  in  th e  c a t io n s . I n  th is ,  
r in g  c lo s u r e  t o  (I ) is  fa v o u r e d  b y  a n y  fa c to r  w h ic h  p la c e s  a  p o s i t iv e  c h a r g e  o n  t h e  a ld e h y d ic  
c a r b o n  a to m , a n d  a  n e g a t iv e  c h a r g e  o n  N -3  (a n d  o n  N - 1  w it h  w h ic h  i t  sh a r e s  th e  c h a r g e
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b e c a u s e  o f  r e so n a n c e )  in  ( I I ) .  B u t  in  1 ,3 ,6 - t r ia z a n a p h th a le n e  t h e  a ld e h y d e  s t r u c tu r e  is  
fa v o u r e d  b y  t h e  h ig h  p r o p o r t io n  o f  p o s i t iv e  c h a r g e  w h ic h  N -1  (a n d  N -3 )  h a s  to  b e a r  b e c a u s e  
o f  t h e  w e l l  k n o w n  4 -a m in o p y r id in e  c a t io n  resonance.^®
lon iza tw n Constants (Spectroscopic and Potentiometric).-— L ik e  q u in a z o l in e , 1 ,3 ,5 - ,
1 ,3 ,6 - ,  1 ,3 ,7 - ,  a n d  1 ,3 ,8 - t r ia z a n a p h th a le n e  a re  s u b j e c t  t o  t h e  e q u il ib r ia  i l lu s t r a te d  (r in g  
o p e n in g ,  w h e n  i t  o c c u r s , t a k e s  p la c e  th r o u g h  t h e  h y d r a te d  c a t io n ) ,  w h e r e  A  a n d  B  r e p r e s e n t  
a n h y d r o u s  a n d  h y d r a te d  s p e c ie s ,  r e sp e c t iv  e ly .  N o  d if f ic u lty  w a s  fo u n d  in  d e te r m in in g
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AH+
H3O; K,
BH+
th e  o v e r a ll  e q u il ib r iu m  p i^„ v a lu e s  fo r  1 ,3 ,5 - , 1 ,3 ,7 - , a n d  1 ,3 ,8 - t r ia z a n a p h th a le n e
b e c a u s e  r in g  o p e n in g , w h ic h  w o u ld  u p s e t  th is  e q u ilib r iu m , w a s  in a p p r e c ia b le  d u r in g  th e  
t im e  ( < 3 0  m in . s e e  T a b le  3) in  w h ic h  th e  m e a s u r e m e n ts  w e r e  p e r fo r m e d . T h e  s o lu t io n  
in  e a c h  c a s e  w a s  a llo w e d  to  c o m e  to  e q u il ib r iu m  b e fo r e  t h e  r e a d in g s  w e r e  n o te d . T h e  
1 ,3 ,0 - iso m e r  u n d e r w e n t  r in g  o p e n in g  to o  fa s t  for  th e  a b o v e  e q u il ib r iu m  t o  b e  m e a s u r e d . 
In  c o n tr a s t  w ith  q u in a z o lin e  th e  o th e r  th r e e  tr ia z a n a p h th a le n e s  s h o w e d  fa s t  b u t  n o t ic e a b le  
h y s te r e s is  d u r in g  th e  m e a s u r e m e n ts . T h e  pAV'^ v a lu e s  a re , a s  in  th e  m o n o  (A.?) n it r o ­
q u in a z o l in e s  la r g e r  th a n  th a t  fo r  q u in a z o lin e . T h e s e  c o n s t a n t s  a re  m e a n in g le s s  for  p u r p o se  
o f  c o m p a r iso n  b e c a u s e  t h e y  d e p e n d  o n  (i) A / ,  (ii) a n d  (iii) th e  r a t io  o f  a n h y d r o u s  to  
h y d r a te d  s p e c ie s  in  th e  n e u tr a l m o le c u le s  a n d  in  th e  c a t io n s .
T h e  k in e t ic s  o f  h y d r a t io n -d e h y d r a t io n  in  th e  p H  r a n g e  4 — 10 w e r e  s lo w  e n o u g h  to  g iv e  
r e lia b le  v a lu e s  o f  t h e  p A „  o f  th e  h y d r a te d  s p e c ie s  {i.e., pAT®). T h is  w a s  d o n e  b y  
im m e d ia t e ly  a d ju s t in g  th e  p H  o f  a n  a c id  s o lu t io n  to  s e v e r a l v a lu e s  b e tw e e n  3 a n d  10 a n d  
m e a s u r in g  th e  r a te  o f  c h a n g e  o f  o p t ic a l d e n s i t y  a t  a  p a r t ic u la r  w a v e le n g th .  E x tr a p o la t io n  
to  z ero  t im e  g a v e  th e  o p t ic a l  d e n s i ty  o f  th e  h y d r a te d  s p e c ie s  a t  t h a t  w a v e le n g th .  T h is  
g a v e  r e lia b le  o p t ic a l  d e n s it ie s  a t  b e c a u s e  th e  h a lf - l iv e s  o f  t h e  h y d r a te d  n e u tr a l sp e c ie s  
w e r e  la r g e  {e.g., fo r  1 ,3 ,8 - t r ia z a n a p h th a le n e  kohs. 1 2 3  X 10"^ sec."^, h a lf - l i fe  5 6  3 s e c ., a t  
2 0 °  a n d  p H  7 -2 ). A  p lo t  o f  th e  e x tr a p o la te d  o p t ic a l  d e n s it ie s  a t  th e  v a r io u s  p H  v a lu e s  
g a v e  th e  t y p ic a l  c u r v e  in  th e  F ig u r e , a n d  th e  pAT^^ v a lu e s  w e r e  c a lc u la te d  fro m  th e  c u r v e  or  
h 'om  th e  o p t ic a l  d e n s it ie s  a t  h a lf  th e  h e ig h t s  A B . T h e  t im e  r e q u ir e d  fo r  o n e  p A „^  d e te r m in ­
a t io n , w h ic h  r e q u ir e s  1 0 — 13 ru n s , w a s  le s s  th a n  3 0  m in .
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A b so rb a n c y -p H  profile fo r 4 04 x  10 ® M -3 ,4 -d ihydro-4 -hydroxy-1 ,3 ,8 -triazanaph tha lene
a t  280 mfi, an d  2 0 °.
I t  w a s  n o t  p o s s ib le  t o  a p p ly  th e  a b o v e  t r e a t m e n t  t o  t h e  d e te r m in a t io n  o f  t h e  p A a ^  
v a lu e s  fo r  th e  a n h y d r o u s  s p e c ie s . T h e  w h o le  c u r v e  in  th e  F ig u r e  w o u ld , in  th is  c a se , b e  
d is p la c e d  t o  m u c h  lo w e r  p H  r e g io n s  a n d  w o u ld  h a v e  t o  b e  o b ta in e d  b y  e x tr a p o la t io n  o f  
r a te s  w h ic h  w e r e  to o  fa s t  to  g iv e  r e lia b le  v a lu e s  o f  th e  o p t ic a l  d e n s it ie s  a t  Iq {e.g., fo r  1 ,3 ,8 -  
tr ia z a n a p h th a le n e  o^bfi a t  p H  2-7  a n d  2 0 °  is  5  4 5  x  10~^ s e c .“  ^ a n d  t h e  h a lf - l i fe  1 3  s e c .) .  
T h is  is  b e c a u s e  h y d r a t io n -d e h y d r a t io n  is  a c id - b a s e -c a t a ly z e d .
T h e  pAa^^ v a lu e s  (th e  io n iz a t io n  c o n s t a n t s  fo r  th e  3 ,4 -d ih y d r o -4 -h y d r o x y -c o m p o u n d s  in  
T a b le  1 ) a re  a b o u t  o n e  u n it  le s s  th a n  t h a t  for  h y d r a te d  q u in a z o lin e .^  T h e s e  c o n s t a n t s  
in v o lv e  o n ly  o n e  s p e c ie s  a n d  i t s  c a t io n  a n d  c a n  th e r e fo r e  b e  u s e d  fo r  p u r p o se s  o f  
c o m p a r iso n . T h e  b a s e -w e a k e n in g  e ffe c t  o f  th e  e x tr a  (p y r id in e ) n itr o g e n  a to m  is  th u s  
c le a r ly  d e m o n s tr a te d .
T h u s  e le c tr o n -a t t r a c t in g  s u b s t i t u e n t s  in  th e  b e n z e n e  r in g  o f  q u in a z o lin e  d o  n o t  d e c r e a se  
th e  r a t io  o f  h y d r a te d  t o  a n h y d r o u s  sp e c ie s  in  t h e  c a t io n s  (see  a lso  ref. 1 ), a n d  h e n c e  th e  
c a t io n ic  s p e c tr a  o f  th e  fo u r  m o n o (A z )n itr o q u in a z o lin e s  c a n  b e  ta k e n  to  c o n s is t  
p r e d o m in a n t ly  o f  th e  h y d r a te d  sp e c ie s . T h e  p r e se n c e  o f  h y d r a te d  c a t io n s  in  t h e  n itr o -
q u in a z o l in e s  w a s  s h o w n  b y  t h e  r e a d y  fo r m a t io n  o f  4 -h y d r o x y n it r o q u in a z o l in e s  o n  m ild  
o x id a t io n  in  a c id  so lu tio n .^  B y  a p p ly in g  th e  a b o v e  m e t h o d  t h e  pA„^^ v a lu e s  fo r  t h e  fo u r  
n it r o q u in a z o l in e s  h a v e  b e e n  d e te r m in e d  a n d  t h e y  a re  a ll le s s  th a n  t h a t  o f  h y d r a te d  
q u in a z o l in e  (T a b le  1 ). I t  c a n  th e r e fo r e  b e  c o n c lu d e d  t h a t  n o  a n o m a ly  e x is t s  in  th e  b a s ic  
s t r e n g th s  o f  t h e  m o n o (A z - )n itr o q u in a z o lin e s  a n d  th e  t r ia z a n a p h th a le n e s  s tu d ie d .
A  k n o w le d g e  o f  a n d  A „^  c a n  b e  u s e d  to  g iv e  a n  e s t im a t e  o f  t h e  p o s s ib le  l im i t s  fo r  
t h e  r a t io  o f  h y d r a te d  t o  a n h y d r o u s  n e u tr a l  m o le c u le s .  T h u s , fr o m  t h e  a b o v e  
e q u il ib r iu m  d ia g r a m  :
Ka^ =  [H + ][A ] /[A H + ]  (i) ; A /  =  [H + ][B ] /[B H + ]  (ii)
a n d  th e  o v e r a ll  e q u il ib r iu m  c o n s t a n t
A / ^  =  [H + ]([A ] +  [B ]) /{ [A H + ] +  [B H + ]}  (iii)
F r o m  (i), (ii) , a n d  (iii) , t h e  r a t io  o f  h y d r a te d  t o  a n h y d r o u s  n e u tr a l  s p e c ie s  a t  
e q u il ib r iu m  is  :
=  [B]e/[A]o =  {A.B/(A«M  -  A«B)}(1 _  A .« q /A /)  (iv)
T h e  r e la t io n  (iv ) s h o w s  t h a t  A  is  in d e p e n d e n t  o f  p H . S im ila r ly  i t  c a n  b e  d e d u c e d  
t h a t  t h e  r a t io  o f  h y d r a te d  t o  a n h y d r o u s  c a t io n  a t  e q u il ib r iu m  is  [B H + ]e /[A H + ]e  =  
{Ka^ — Ka^^)l(Ka^^ — A « ^ ), w h ic h  is  a ls o  in d e p e n d e n t  o f  p H . W h e n  is  e q u a l  t o  
A / 1  t h e  h y d r a te d  n e u tr a l  s p e c ie s  is  a b s e n t  fr o m  s o lu t io n  in  t h e  c ir c u m s ta n c e s , a n d  
w h e n  Ka^ ^  [i.e., b a s e  s t r e n g th  is  w e a k e r ) , th e n :
Zmax. =  A .«/(A .=d  -  A.:^) - (v)
a n d  (v) r e p r e s e n t s  a  m a x im u m  fo r  t h e  r a t io  o f  h y d r a te d  t o  a n h y d r o u s  n e u tr a l  s p e c ie s .  
S u c h  v a lu e s  h a v e  b e e n  c a lc u la te d  fo r  t h e  n it r o q u in a z o l in e s  a n d  th r e e  t r ia z a n a p h th a le n e s  
a n d  a re  g iv e n  in  T a b le  3 . T h e y  a re  o f  t h e  o r d e r  o f  1 0 “ ,^ w h ic h  m e a n s  t h a t  t h e  p e r c e n ta g e  
o f  h y d r a te d  n e u tr a l  s p e c ie s  is  ~ 1 %  a t  t h e  m o s t .  I n  th i s  p r o p e r ty , t h e  tr ia z a n a p h th a le n e s  
fa l l  b e tw e e n  q u in a z o l in e  (0 -0 0 0 0 5 % ) a n d  p te r id in e  (a b o u t  22% ),^^ a s  w o u ld  b e  e x p e c te d .
A lth o u g h  t h e  v a lu e s  o f  c a lc u la te d  fr o m  th e  e q u a t io n  (v ) s h o w  th e  u p p e r  l im it  o f  
t h e  r e la t iv e  a m o u n t s  o f  th e  h y d r a te d  a n d  t h e  a n h y d r o u s  n e u tr a l  s p e c ie s  p r e s e n t ,  t h e  
e x p e r im e n ta l  r e s u lts  s u g g e s t  s t r o n g ly  t h a t  t h e s e  v a lu e s  a re  n o t  fa r  fr o m  t h e  a c tu a l  r a t io .  
T h u s  th e  in i t ia l  o p t ic a l  d e n s i t ie s  o f  th e  s o lu t io n s  m a d e  b y  r a p id ly  m ix in g  ( < 1  s e c .)  th e  
a lk a lin e  s o lu t io n  o f  t h e  b a s e  a n d  d if fe r e n t  b u ffe r s  d id  n o t  v a r y  t o  a n y  s ig n if ic a n t  e x t e n t  a t  
t h e  p H  r e g io n  e q u a l t o  p A g^ i — 0 -7 . T h is  m e a n s  t h a t  t h e  p A «^  v a lu e s  a re  a t  le a s t  0 -7  u n it  
le s s  th a n  t h e  pAa®^ v a lu e s .  W h e n  th e  p A ^ ^  ( =  pAg^q — 0 -7 ) v a lu e s  a re  a p p lie d  to  
e q u a t io n  (iv ) t h e  v a lu e s  o f  A  c a lc u la te d  a re  n o t  v e r y  d if fe r e n t  fr o m  t h e  r e s p e c t iv e  A  max. 
g iv e n  in  T a b le  3 .
Position o f Protonation.— T h e  a d d it io n  o f  a  p r o to n  t o  1 ,3 ,5 - ,  1 ,3 ,6 - ,  1 ,3 ,7 - ,  a n d  1 ,3 ,8 -  
t r ia z a n a p h th a le n e  is  n o t  a s  c o m p l ic a te d  a s  m ig h t  a t  f ir s t  a p p e a r . U n d o u b t e d ly  t h e  
a n h y d r o u s  n e u tr a l  m o le c u le s  w o u ld  b e  p r o to n a t e d  in  t h e  p y r id in e  r in g s  i f  h y d r a t io n  d id  n o t  
o c c u r  in  th e s e  c o m p o u n d s , a n d  t h e  h y d r a te d  s p e c ie s  w o u ld  b e  p r o to n a t e d  in  t h e  p y r im id in e  
r in g  to  g iv e  t h e  r e s o n a n c e - s ta b i l iz e d  s t r u c tu r e s  s u c h  a s  (1 1 1 ). I t  i s  r e a s o n a b le  t o  th in k
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t h a t  t h e  e le c tr o n -w ith d r a w in g  in f lu e n c e  o f  N - 1  a n d  N -3  o n  th e  p y r id in e -n itr o g e n  a to m s  
c a u s e s  a  d e c r e a se  in  b a s ic  s t r e n g th  o f  4  p A „  u n it s  b e c a u s e  th e  p A „  v a lu e  fo r  1 ,4 ,5 - t r ia z a ­
n a p h th a le n e ,  w h ic h  is  n o t  h y d r a te d ,  is  1 -20  0 -0 2 . T h is  w o u ld  g iv e  a  p A ^  v a lu e  o f  ~ 1
fo r  t h e  a n h y d r o u s  s p e c ie s  o f  t h e s e  t r ia z a n a p h th a le n e s .  S in c e  t h e  c a t io n s  w e r e
p r e d o m in a n t ly  h y d r a te d  a t  p H  2 — 3 th e  p r o p o r t io n  o f  a n h y d r o u s  c a t io n s  p r o to n a te d  in  
t h e  p y r id in e  r in g  a t  t h is  p H  is  v e r y  sm a ll. A t  p H  2 , p r o to n a t io n  (an  in s ta n ta n e o u s  p r o c e ss )  
o n  N - I  or N -3  in  th e  h y d r a te d  sp e c ie s  m u s t  u p s e t  th e  e q u ilib r iu m  (see  e q u il ib r iu m  
d ia g r a m ) in  fa v o u r  o f  B , a n d  f in a lly  a  s o lu t io n  c o n s is t in g  p r e d o m in a n t ly  o f  th e  h y d r a te d  
c a t io n s  {e.g., I l l )  is  o b ta in e d . In  o n e  is o m e r  p r o to n a t io n  o n  th e  p y r id in e -n itr o g e n  a to m  
fo l lo w e d  b y  h y d r a t io n , t o  p r o d u c e  th e  r e s o n a n c e - s ta b iliz e d  c a t io n  (IV ), c o u ld  o c c u r ;  b u t  
th is  is  h ig h ly  im p r o b a b le  a t  th is  p H , b e c a u s e  th e  h y d r a te d  sp e c ie s  o f  1 ,3 ,5 - , 1 ,3 ,7 - , a n d
1 .3 .8 - t r ia z a n a p h th a le n e  h a v e  s im ila r  b a s ic  s t r e n g th s . M o reo v er , th e  s t r u c tu r e  (V ) for  
t h e  1 ,3 ,G -isom er , w h ic h  w o u ld  c o n fe r  a  g r e a te r  s t a b il iz in g  e ffe c t , is  n o t  in  a g r e e m e n t  w ith  
th e  o b s e r v e d  r a p id  d e c o m p o s it io n  o f  th e  h y d r a te d  c a t io n .
Synthesis o f Triazanaphthalenes.— T w o  r o u te s  w e r e  u s e d  fo r  th e  p r e p a r a t io n  o f  t r ia z a ­
n a p h th a le n e s ;  {a) a lk a lin e  d e c o m p o s it io n  o f  th e  4 -A '- ( to lu e n e -_ /) -su lp h o n y lh y d r a z in o )tr i­
a z a n a p h th a le n e  h y d r o c h lo r id e s , a n d  {b) r e a c t io n  o f  o - fo r m a m id o p y r id in e a ld e h y d e s  w ith  
m e th a n o lic  a m m o n ia . T h e  in te r m e d ia te s  for  {a) w e r e  4 -c h lo r o tr ia z a n a p h th a le n e s  w h ic h  
w e r e  p r e p a r e d  b y  r e a c t io n  o f  th e  r e s p e c t iv e  4 -h y d r o x y - c o m p o u n d s  w ith  p h o sp h o r u s  
p e n ta c h lo r id e  in  p h o sp h o r u s  o x y c h lo r id e . 4 - H y d r o x y - 1 ,3 ,G -tr ia z a n a p h th a le n e  c o u ld  n o t  
b e  o b ta in e d  b y  th e  v o n  N ie m e n to w s k i r e a c t io n  w ith  4 -a m in o n ic o t in ic  a c id  or i t s  m e t h y l  
e s t e r  w h e r e a s  th e  o th e r  th r e e  h y d r o x y -c o m p o u n d s  w e r e  r e a d ily  o b ta in e d  b y  th is  r e a c t io n .  
M e th y l 4 -a m in o n ic o t in a te  w a s  c o n v e r te d  in to  th e  a m id e  a n d  th e  la t t e r  c y c l iz e d  w ith  
fo r m a m id e  to  4 - h y d r o x y - 1 ,3 ,G -tr ia z a n a p h th a le n e . T o lu en e-j» î)-su lp h o n y lh y d ra z in e  r e a c te d  
w ith  th e  fo u r  4 -c h lo r o -c o m p o u n d s  t o  g iv e  th e  h y d r a z in o -h y d r o c h lo r id e s  in  q u a n t i t a t iv e  
y ie ld s . A lk a lin e  d e c o m p o s it io n  o f  th e s e  h y d r o c h lo r id e s  w a s  s t u d ie d  in  d e ta i l  a n d  w a s  
m o s t  s a t is f a c to r y  w h e n  2  2  m o l. o f  so d iu m  h y d r o x id e  in  7 0 %  e t h y le n e  g ly c o l  a t  1 0 0 °  
(1 h r .) w a s  u se d . T h u s  1 ,3 ,5 -  a n d  1 ,3 ,7 - t r ia z a n a p h th a le n e  w e r e  o b ta in e d  in  4G a n d  3G%  
y ie ld ,  r e s p e c t iv e ly .  T h e  1 ,3 ,8 - iso m e r  u n d e r  s im ila r  c o n d it io n s  g a v e  a  2  : 1  m ix tu r e  o f
1 .3 .8 - t r ia z a n a p h th a le n e  a n d  2 -a m in o p y r id in e -3 -a ld e h y d e  fr o m  w h ic h  t h e  fo r m e r  w a s  
i s o la te d  b y  te d io u s  c h r o m a to g r a p h y . N o  1 ,3 ,G -tr ia z a n a p h th a le n e  c o u ld  b e  d e te c t e d  in  
a  s im ila r  r e a c t io n , w h ic h  is  n o t  su r p r is in g  (see  p . ).
1,3 ,G - a n d  1 ,3 ,8 -T r ia z a n a p h th a le n e s  w ere  p r e p a r e d  b y  m e t h o d  {h). T h e  s y n t h e s is  w a s  
fir st  t e s t e d  w ith  o -fo r m a m id o b e n z a ld e h y d e  w h ic h  g a v e  q u in a z o lin e  in  8 8 %  y ie ld .  
2 -A m in o p y r id in e -3 -a ld e h y d e  w a s  fo r m y la te d  w ith  a c e t ic  fo r m ic  a n h y d r id e  a t  r o o m  
te m p e r a tu r e  a n d  t h e  fo r m y l d e r iv a t iv e  g a v e  1 ,3 ,8 - t r ia z a n a p h th a le n e  in  7 0 %  y ie ld .
4 -A m in o p y r id in e -3 -a ld e h y d e  w a s  p r e p a r e d  a n a lo g o u s ly  to  2 -a m in o p y r id in e -3 -a ld e h y d e ,^ ^  
i.e., b y  o x id a t io n  o f  4 -a m in o n ic o t in ic  A '- is o p r o p y lid e n e h y d r a z id e  w it h  m e ta p e r io d a te .  
F o r m y la t io n  o f  th is  a ld e h y d e  w ith  a c e t ic  fo r m ic  a n h y d r id e  w a s  s u c c e s s fu l  o n ly  in  th e  
p r e s e n c e  o f  a n h y d r o u s  so d iu m  fo r m a te  a n d  th e  y ie ld  o f  4 -fo r m a m id o p y r id in e -3 -a ld e h y d e  
w a s  n e v e r  g r e a te r  th a n  4 1 % . T h is  c o u ld  b e  a t t r ib u te d  t o  th e  d if f ic u lty  in  
f o r m y la t in g  th e  h ig h ly  b a s ic  c a t io n  o f  4 -a m in o p y r id in e -3 -a ld e h y d e  fo r m e d  d u r in g  
t h e  r e a c t io n . T h e  fo r m a m id o -c o m p o u n d  g a v e  1 ,3 ,G -tr ia z a n a p h th a le n e  in  2 1 %  y ie ld  
w ith  m e th a n o lic  a m m o n ia .
E x p e r i m e n t a l  
M icroanaly ses w ere b y  D r. J. E . F ild es  a n d  h e r  staff.
E v a p o ra t io n s  w ere  c a rrie d  o u t  in  a  r o ta r y  e v a p o ra to r  a t  30— 40°/15 m m ., a n d  th e  
p u r i ty  of m a te r ia ls  w as ex a m in e d  as before.^ 5- a n d  7 -N itroquinoline,i®  6 - a n d  7-,'^
5- a n d  8 -nitroisoquinoline,®  2 -am in o p y rid in e-3 -a ld eh y d e ,i^  2 -am in o n ico tin ic  a c id ,i’ c incho- 
m ero n ic  acid,^® cinchom eronim ide,^®  4 -h y d ro x y -1,3,5-,^® -1,3,7-,^° a n d  -1 ,3 ,8 -triazanaph tha lene ,^ '^  
o -a m in o b en za ld e h y d e ,“  ^ 1,2,3- a n d  4 -m e th y l-1,2 ,3 - tr ia z a n a p h th a le n e  3-oxide,® a n d  1 ,2 ,4 -tri­
a z a n a p h th a le n e  22 w ere p re p a re d  as d escribed  in  th e  li te ra tu re . 6 - a n d  8 -N itro q u in o lin e  w ere 
av a ila b le  com m erc ia lly .
4:-A m inonicotin ic A c id .— T h e  sy n th e s is  d escrib ed  b y  T a y lo r  a n d  C o rv e tti 3^ w as used  a f te r  
som e m o d ifica tio n  a n d  on a  c o n s id e rab ly  la rg e r  scale. 3 -P ico line  1-oxide (60 g.) w as ad d e d  
slow ly  to  a  cold  m ix tu re  of n itr ic  ac id  (165 m l.; d  1-5) a n d  su lp h u ric  ac id  (210 m l . ; d  1-84)
below  10°. T he tem perature w as s low ly  raised to  100° and held  there for 24 hr. T he m ixtu re  
w as poured in to  ice-w ater , th e  p H  ad justed  to  2— 3 w ith  sodium  carbonate, and th e  product 
extracted  w ith  chloroform . The dried (Na._,SO,,) ex tract gave 4-n itro-3-p icoline 1-oxide, m. p. 
131 — 134° (lit .,23 136— 138°), on evaporation . T he average y ie ld  from 6 batches w as 64% .
T he n itro-oxide (125 g.) in glacia l acetic  acid  (2500 m l.), under reflux, w as h eated  a t 100° 
on a steam -b ath  and iron filings (375 g.) were added slow ly  w ith  stirring. S om etim es th e  
reaction  w as v igorous and cold acetic  acid w as added to  low er th e  tem perature. W hen ad dition  
w as com p lete h ea tin g  and stirring w ere continued  for 2 hr. A s m uch acetic  acid as possib le  
w as rem oved a t  15 m m . and th e  residue treated  w ith  cold w ater (4 1.), th e  p H  ad ju sted  to  
10— 11 w ith  40%  sodium  h ydroxide so lu tion , and th e  product ex tracted  w ith  chloroform . T he  
troublesom e em ulsion  w as filtered through  liberal q u an tities of kieselguhr, th e  chloroform  
separated  from  th e  filtrate, and th e  aqueous layer saturated  w ith  sodium  chloride and extracted  
further w ith  chloroform . T he dried (Na^SOJ ex tra ct gave 4-am ino-3-p icoline (60— 70% ), 
m. p. 107— 109° (lit.,1® 108— 109°). T h is base (116 g.) w as refluxed w ith  acetic  anhydride  
(350 m l.) for 30 m in., th e so lv en t w as rem oved  at 15 m m ., and 4-acetam id o-3-p ico lin e (115 g., 
72% ) w as co llected  a t 150— 160°/0 1— 0 2 m m . ; it  solidified.
T his a cety l d erivative  (115 g.) in  w ater (17 1.) con ta in in g  p otassium  p erm an ganate (300 g.) 
w as h eated  w ith  stirring a t 70— 75° u n til th e  so lu tion  w as decolorized (5— 6 hr.). The  
m anganese d ioxid e w as filtered off (kieselguhr) and th e  aqueous so lu tion  evap orated  to  dryness  
a t 15 m m . T he residue w as d issolved  in w ater (400 m l.), acidified to  p H  7, and th en  further  
w ith  hydrochloric acid  (100 ml. ; r;? 1-18). T he so lu tion  w as refluxed for 1 hr., and 100 ml. of so l­
v e n t  w ere d istilled  off a t 15 m m . ; on cooling, th e  acid  separated. R ecrysta lliza tion  from  w ater  
gave 4-am in on icotin ic acid (58 g., 55% ), m. p. 335— 336° (decom p.) [ lit .,23 328° (decom p.)] 
(Found: C, 51 8 ; H , 4 4; N , 20 1. Calc, for QHcNnOo: C, 52 2; H , 4 4; N , 20-3% ).
E th y l 4:-Am inonicQ tinate.— 4-A m in onicotin ic acid (8-0 g.) in eth anol (16 m l.) w as cooled  w hile  
su lphuric acid  (9 0 m l. ; d  1-84) w as added. T he m ixtu re w as refluxed for 15 hr. on a steam -  
b ath , poured in to  ice -w a ter  (75 m l.), neutralized  w ith  d ilu te aqueous am m onia, and extracted  
w ith  chloroform . E vap oration  of th e  ex tra ct gave th e  e th y l ester, m. p. I l l — 112° (5 6 g., 
58% ) [from b en zen e-lig h t petroleum  (b. p. 40— 60°)] (lit.,24 m. p. 109— 111°) (Found: C, 57-8; 
H , 6-1; N , 16-9. Calc, for CgH^gN^Og: C, 58-1; H , 5-9; N , 16-9% ). T he m eth y l ester  
w as sim ilarly  prepared.
4:-A m inonico tinam ide.— T he follow ing is a  m odification  o f a p revious m eth o d .2'^  M ethyl
4 -am in on icotin ate (12-4 g.) in  m ethan ol (100 m l.) and liqu id  am m onia (100 m l.) w as h eated  
under 100 atm . of n itrogen  for 48 hr. a t 60— 70°, then  a further q u a n tity  of am m onia (100 m l.) 
w as added and th e  w hole w as k ep t a t 100 atm . for 48 hr. a t room  tem perature; y e t  m ore 
am m onia ( 1 0 0  m l.) w as added and th e  w hole w as k ep t under th e  la tter  con d itions for 60 hr. 
T he so lven t w as evap orated  and th e  residue d igested  w ith  b oilin g  chloroform  (500 m l.) and  
filtered. E vap oration  of th e  filtrate gave unchanged ester (3-3 g., 27% ); and th e  
in soluble 4-am inonicotinam ide, m. p. 228— 230° ( lit .,2  ^ 229 -5—230-5°), recrystallized  from  w ater  
(7-6 g., 69%).
4:-H ydroxy-\,^,Q )-tyiazanaphthalene.— 4-A m in onicotinam id e (5-5 g.) and form am ide (5-5 m l.) 
w ere h eated  a t 165— 175° for 2|- hr., cooled, treated  w ith  cold w ater (10 m l.), filtered, and  
w ashed w ith  w ater and th en  ethanol. A fter recrysta llization  from w ater 4:-hydroxy-\ 
triazanaph tha lene  (2-0 g., 34% ) had m . p. 283— 285° (decom p.) (F o u n d : C, 57-1; H , 3-4; N , 
28-3. C7H 5N 3O requires C, 57-1; H , 3-4; N , 28-6% ). W ith  boiling e th y l orth oform ate and  
acetic  anhydride th e  am ide g ave  a sim ilar y ie ld  of th e  h ydroxy-com p oun d  b u t th e p rod uct w as 
alw ays con tam in ated  w ith  a purple su bstance.
^-A m in o p yrid in e-Z -a ld eh yd e .— M ethyl 4 -am in on icotin ate (7-5 g.) and hydrazin e h yd rate  
(5-0 m l.) were h eated  a t 100° for 1 |- hr. T he m ixtu re w as treated  w ith  w ater and ‘i-a m in o -  
n ico tin ic  hydrazide  w as iso lated  and crystallized  from  b u ta n -l-o l (6-5 g., 87% ). I t  had  m. p. 
207— 208° (F o u n d : C, 47-7; H , 5-35; N , 36-5. C^HgN.O requires C, 47-4; H , 5-3; N , 36-8% ). 
E th y l 4 -am in on icotin ate gave th e  h ydrazide in  70% yield .
T he hydrazide (6-4 g.) w as con verted  in to  its  isopropylidene d eriva tive  b y  b oilin g  “ A nalaR  ” 
acetone (1 1.; 18 hr.). T he crude h ydrazone (8-1  g.) w as ox id ized  to  th e  a ld eh yde as follow s: 
it  w as added in w ater (132 ml.) and am m onia (26 m l. ; d  0-880) w ith  shaking to  a so lu tion  of 
sod ium  m etaperiod ate (14-5 g.) in  w ater (200 ml.) con ta in ing  am m onia (132 ml. ; d  0-880) and  
shaken  a t  room  tem perature for 30 m in. T he so lu tion  w as treated  w ith  h ydrated  barium  
a ceta te  (15 g.) in  w ater (65 m l.), and th e p rec ip ita te w as filtered off (kieselguhr). T he filtrate
w as a d ju s te d  to  p H  7 0 , s a tu ra te d  w ith  sod iu m  ch lo ride , a n d  e x tra c te d  w ith  ch lo ro fo rm . T h e  
d rie d  (Na^SO^) e x t r a c t  gave, on  e v a p o ra tio n , a  lo w -m eltin g  solid  w h ich  w as su b lim ed  a t  1 1 0 —  
1 2 0 ° /0 - 2  m m . C ry s ta lliz a tio n  of th e  su b lim a te  from  b e n z e n e -l ig h t p e tro le u m  (b. p . 40— 60°) 
g av e  4:-am inopyyidm e-‘i-a ldehyde  (1-4 g., 26% ), m . p . 113— 114° (F o u n d : C, 50 2; H , 4 9; 
N , 23 1. CgHgNgO req u ire s  C, 59 0; H , 4 95; N , 22-9% ).
4-C /i/o ro-l,3 ,5-, -1 ,3 ,6-, -1 ,3 ,7-, and -\,'^,% -tYiazanaphthalene .— T h ese  w ere  o b ta in e d  fro m  th e  
co rre sp o n d in g  4 -h y d ro x y -co m p o u n d s  b y  th e  genera l m e th o d  used  fo r th e  p re p a ra tio n  of 
4 -ch lo ro -qu inazo lines.2  T h e  re a c tio n  tim es , w h ich  w ere critica l, a n d  th e  y ie ld s of pu rified  
m a te r ia ls  w ere, re sp e c tiv e ly , as follow s : 4 h r .,  3 0 % ; p r  h r ., 1 3 % ; 1 h r .,  16 % ; a n d  1^ - h r., 
4 1 % . T h e  f irs t tw o  com pounds  a re  new  a n d  th e  m. p .s  a n d  an a ly se s  a re  g iv en  in  T ab le  4.
'i-F orm am idopyy id ine-i-a ldehyde .— 2 -A m in o p y rid in e-3 -a ld eh y d e  ( 2 0  g.) a n d  fre sh ly  f ra c tio n ­
a te d  ac e tic  fo rm ic  a n h y d r id e  2® (10 m l.) w ere le ft a t  room  te m p e ra tu re  fo r 48 h r ., th e n  
e v a p o ra te d  to  d ry n ess , an d  th e  res id u e  su b lim ed  a t  120°/0-2 m m . T h e  su b lim a te  gave , on  
c ry s ta lliz a tio n  from  m e th an o l, 2-form am idopyrid ine-^-a ldehyde, m . p . 124— 125° ( 1 - 8  g., 7 3 % ) 
(F o u n d : 0 ,5 6 -2 ;  H , 3-9; N , 18-45. C^HgNgOo req u ire s  C, 56-0; H , 4-0; N , 18-7% ).
‘i-F o ym a m id o p yr id in c-‘6-aldehyde.— 4 -A m in o p y rid in e-3 -a ld eh y d e  (1-5 g.) a n d  finely  g ro u n d
T a b l e  4.
Found (%) Required (%)
T riazanaphthalene M. p. C H  N Form ula C H  N
4-Chloro-l,3,5- ..................... 148— 1 50°*“ 50-7 2-5 « —  C^H^ClNg 50-8 2-4 —
4-Chloro-l,3,G- ..................... 82— 83 * 50-6 2 3 24-8 ,, ,, 25-4
4-{N’'-Toluene-/?-sulphonyl-
hydrazino)-l,3,8- .............. 199— 200 * = 47-6 3-9/ —  Q^Hi^CINgOoS 47-8 4-0 —
1.3.5- .........................................  97— 98" 64-1 3-8 32-0 C^HgN, 64-1 3-8 32-05
p ic ra te ....................................  150— 154 * 40-3 2-9 21-6 QgHgNgOy.l-GH.O 40-3 2-9 21-7
1.3.6- ......................................... 131— 132" 64-2 3-8 31-8 C7H 5N 3 “ 64-1 3-8 32-05
1.3.7- ......................................... 155— 156“ 64-2 3-8 31-9
picra te  .............................. 140 41 1 2-8 22-15 CigHgNgO.,H,0 41-3 2-7 22-2
1.3.8- ......................................... 107— 108“ 64-1 3-9 31-7 C-H5N3 64-1 3-8 32-05
p ic ra te ..................................  152— 1 5 3 4 1 - 3  2-7 21-8 C^FlgNgO-.HoO 41-3 2-7 22-2
* W ith decomp. “ From  light petroleum  (b. p. 60—80°). * The colourless chloro-compound
decomposed, when heated above 90°, to  red needles which decomposed slowly above 150°. " From
M eOH-EtoO.  ^ From  H^O. = Found: Cl, 21 1. Reqd. : Cl, 21-4%. /  Found: S, 9-0. Reqd. : 
S, 9-1%. "
a n h y d ro u s  sod iu m  fo rm a te  (1-5 g.) in  ac e tic  fo rm ic  a n h y d r id e  (10 m l.) w ere k e p t  a t  ro o m  te m p e r ­
a tu re  fo r 3 d ay s . T h e  so lv e n t w as rem o v ed  in  vacuo  a n d  th e  resid u e  t r e a te d  w ith  cold s a tu ra te d  
so d iu m  h y d ro g en  c a rb o n a te  so lu tio n  a n d  e x tra c te d  w ith  ch lo ro fo rm . T h e  d ried  (Na^SO^) 
e x t r a c t  gave , on  e v a p o ra tio n  a n d  re c ry s ta lliz a tio n  of th e  res id u e  from  m e th a n o l, é-form am ido-  
pyyidine-'3-aldehyde  (750 m g., 41% ), m . p. 161— 162° (F o u n d : C, 56-2; H , 4-0; N , 18-9. 
C^HgNgOg req u ire s  C, 56-0; H , 4-0; N , 18-7% ).
S im ila r ly  o-form am idohenzaldehyde, m . p. 76— 77° [from  lig h t p e tro le u m  (b. p. 60— 80°)], 
w as o b ta in e d  in  85%  y ie ld  (F o u n d : C, 64-5; H , 4-6; N , 9-4. CgH.NOg re q u ire s  C, 64-4; H ,
4-7; N , 9-4% ).
T viazanaph thaU nes.— (a) B y  a lka line  decom position o f  ^-[fA '-to luene-^-su lphonylhydyazino)-  
ty iazanaphthalene hydvochloyides. T h e  h y d raz in o -h y d ro ch lo rid es  (5 m m oles) a n d  a  so lu tio n  of 
so d iu m  h y d ro x id e  (11 m m oles) in  70%  e th y le n e  g lycol (60 m l.) w ere h e a te d  a t  100° fo r 1 h r.
1,3,5- a n d  1,3 ,7 -T ria z a n a p h th a le n e  w ere iso la te d  as d escrib ed  p rev io u s ly  fo r qu inazo lines.^
1.3 .8 -T r ia z a n a p h th a le n e  w h ich  w as iso la te d  as a  m ix tu re  w as pu rified  b y  g ra d ie n t e lu tio n  
c h ro m a to g ra p h y  on  a lu m in a  (8 ' '  X 1 " ; B .D .H .) b y  u sin g  lig h t p e tro le u m  (b. p . 40— 60 °)- 
b en zen e  m ix tu re s  w ith  in c reasin g  c o n c e n tra tio n  of th e  la t te r .  T h re e  ru n s  w ere  necessary .
(6 ) B y  rin g  closure. o -F o rm am id o p y rid in e -3 -a ld e h y d e  (250 m g.) in  s a tu ra te d  m e th an o lic  
a m m o n ia  (15 m l.) w as h e a te d  in  a  b o m b  a t  100° fo r 2 h r. T h e  so lv e n t w as rem o v e d  in  vacuo, 
th e  res id u e  su b lim ed  a t  60— 70°/0-2 m m ., a n d  th e  su b lim a te  w as rec ry s ta llize d . T h e  m . p .s  
a n d  a n a ly tic a l figures fo r th e  tr ia z a n a p h th a le n e s  a re  g iven  in  T ab le  4.
T r ia z a n a p h th a le n e  p ic ra te s  w ere  p re p a re d  in , a n d  rec ry s ta llize d  from , w a te r . 1 ,3 ,6-T ri- 
a z a n a p h th a le n e  g av e  a  p ic ra te  w h ich  w as obv io u sly  a  m ix tu re .
P h ysica l M easurem ents.— Io n iz a tio n  a n d  r a te  c o n s ta n ts  fo r th e  h y d ra te d  species w ere 
d e te rm in e d  sp e c tro p h o to m e tr ic a lly  b y  th e  stop-fiow  te c h n iq u e  a n d  th e  d e ta ils  w ere  as  befo re.
A  so lu tio n  of th e  h e te ro cy c lic  b ase  (10~‘^— 10“®m) in  d ilu te  h y d ro c h lo r ic  ac id  (to  g ive  p H  ~ 2 )  
w as ra p id ly  m ix e d  in  a  m odified  “  C h an ce  ” a p p a r a tu s  w ith  a n  e q u a l v o lu m e  of buffer, a n d  
th e  r a te  of ch a n g e  of o p tic a l d e n s ity  w as o b se rv e d . E x tr a p o la t io n  of th e  o p tic a l d e n s ity  to  zero 
tim e  g av e  th e  o p tic a l d e n s ity  p lo t te d  in  th e  F ig u re . T h e  bu ffe rs u sed  w ere  m ix tu re s  of 0*1m- 
su cc in ic  ac id  a n d  0-lM -sod ium  b o ra te  (for p H  3-6— 6  9), 0-2M -potassium  d ih y d ro g e n  p h o s p h a te  
a n d  0-lM -sod ium  b o ra te  (p H  ra n g e  6  3— 9 2), 0 iM -sodium  c a rb o n a te  a n d  0 -lM -sod ium  b o ra te  
(pH  ra n g e  9-5— 10-2). I n  ea ch  b u ffe r a n  e q u iv a le n t q u a n t i ty  o f a lk a li w as a d d e d  to  n e u tra liz e  
th e  a c id  in  th e  so lu tio n  of th e  h e te ro c y c lic  b ase . T h e  n ec essa ry  v o lu m e  of 0-4M -sodium  
ch lo rid e  w as a d d e d  to  ea ch  b u ffe r  to  g ive  a  c o n s ta n t  io n ic  s t r e n g th  of 0 1 . T h e  u l t r a v io le t  
s p e c tra  w ere  m e a su re d  w ith  a  P e r k in -E lm e r  “ S p e c tra c o rd  ” m o d e l 4000 A, o r  a  S h im ad z u  
m ode l R S  27 rec o rd in g  sp e c tro p h o to m e te r ,  a n d  th e  m a x im a  ch eck ed  w ith  a  H ilg e r  U v isp e k  
M a rk  V  m a n u a l in s tru m e n t.
I  a m  g ra te fu l to  P ro fe sso r A. A lb e r t, D rs . D . J .  B ro w n , D . D . P e rr in , E . S p in n e r, a n d  
M r. Y . In o u e  fo r  h e lp fu l d iscussions . I  a lso  th a n k  M r. In o u e  fo r m e a su r in g  th e  io n iz a tio n  
c o n s ta n ts  of th e  u n s ta b le  species a n d  M essrs. D . T . L ig h t, H . S a tra p a ,  a n d  S. T ru h ly  fo r 
te c h n ic a l a s s is ta n ce .
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Synthesis of Three New Triazanaphthalenes
By W. L. F. A r m a r e g o  
( A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y , C a n b e r r a ,  A .C .T ., A u s t r a l i a )
T h e  attem p ted  p rep aration  o f  fou r n ew  1,3,%-tri- 
azan ap h th a len es, w here x  is  5 ,6 ,7 , or 8 , w as p rom p ted  
by the u n exp ected ly  h igh  b asic  strength  o f  the fou r  
B z-su b stitu ted  n itroq u in azo lin es com p ared  w ith  
quinazoline.^  T h ree tr iazan ap h th alen es h ave n o w  
been prepared  b y  the d eco m p o sitio n  o f  the corre­
sp o n d in g  4 -A '-to lu en e-/7-su lp h on ylh yd razin otr iaza- 
n ap h th a len e h yd roch lorid es, a  m eth o d  w h ich  w as
N" HCl
OCHO ^  NH-CHO
+ N2 + c r
+ SO2
CHO
NHo
su ccessfu l in  the q u in azo lin e  series.^ T h u s w ere  
o b ta in ed  1 ,3 ,5- (46% ), m .p . 97— 9 8 °, l,3 ,7 -(3 6 % ), 
m .p . 155— 156°, and  1 ,3 ,8 -triazan ap h th alen e, m .p . 
107— 108° [corresp on d in g  hyd rated  p icrates, m .p . 
150— 154° (d ecom p .), 140° (d eco m p .), an d  152—  
153°].
In  th is series the syn th esis w as sa tisfactory  p ro ­
v id ed  that 2-2 m o l. o f  so d iu m  h yd rox id e in  70%
1 Armarego, Quinazolines, Part IV, J. Chem. Soc., in the 
3 Oakes, Pascoe, and Rydon, J., 1956, 1045.
aq u eo u s eth y len e g ly co l ( 1  hr. at 1 0 0 °) w as u sed  for  
the d eco m p o sitio n  o f  the to lu en esu lp h on y lh yd razid e;  
w h en  less a lk a li w as u sed  u n ch an ged  h ydrazid e w as  
recovered , w hereas an  excess o f  a lk ali con verted  the  
tr iazan ap h th alen e in to  th e am in op yrid in ea ld eh yd e. 
T h e m eth o d  gave a  2 :1  m ixture o f  1 ,3 ,8-triaza­
n ap h th a len e an d  2 -am in op yrid in e-3 -a ld eh yd e from  
w h ich  th e form er w as iso la ted  b y  grad ient e lu tio n  
ch rom atograp h y  (o n  a lu m in a) in  30 % overa ll y ie ld .
1 ,3 ,8 -T riazan ap h th a len e w as prepared m ore sa tis­
fa ctor ily  (70% ) b y  treatin g  2-form am id op yrid in e-3 -  
a ld eh yd e w ith  m eth a n o lic  am m o n ia  at 1 0 0 ° for  2  hr. 
T h e p icrate iso la ted  differed from  the, su p p osed ly  
sam e, p icrate obtained^ from  the d ech lorin a tion  
p rod u ct o f  2 ,4 -d ich lo ro -1 ,3 ,5 -triazanap hthalene.
1,3 ,6 -T riazan ap h th a len e co u ld  n o t be prepared  by  
either o f  these m eth od s.
T h ese  triazan ap h th a len es are very stab le  at p H  7, 
but are d egraded  to  the am in op yrid in ea ld eh yd es at 
p H  < 2  and  > 9 .  P h ysica l m easurem ents (to  be  
rep orted  e lsew h ere) su ggest th at the in itia lly  form ed  
ca tio n s o f  these b ases are cova len tly  hydrated .
I th an k  P rofessor  A . A lb ert for h elp fu l d iscu ssion s  
and  M r. S. T ruh ly  for  tech n ica l assistance.
{Received, October 3 H /, 1961.)
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I. In tro d u c tio n
Quinazoline (1,3-diazanaphthalene) was prepared by GabrieP in 
1903 although the first derivative was synthesized by Griess 34 years 
earlier.^ The name was proposed by Widdege.^ Other names such as 
phenmiazine, benzo-l,3-diazine, and 5,6-benzopyrimidine have occa­
sionally been used. The numbering suggested by Paal and Busch* 
(1) is still in use.®
> N
[J]
* S . G a b r ie l, Ber. deut. chem. Ges. 3 6 , 800  (1 9 0 3 ) .
“ P . G r e iss , Ber. deut. chem. Ges. 2, 415 (1 8 6 9 ) .
 ^A . W id d e g e , J. prakt. Chem. 3 6  ( 2 ) ,  141 (1 8 8 7 ) .
* 0 .  P a a l  a n d  M . B u sc h , Ber. deut. chem. Ges. 22, 2683 (1 8 8 9 ) .
®I. U . P . A . 0 . ,  “ N o m e n c la tu r e  o f  O rg a n ic  C h e m is tr y ” - B - 2 .1 1 , p . 57 . B u tte r -  
w o r th s , L o n d o n , 1957 ; R in g  I n d e x  R R I  1626.
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The presence of a fused benzene ring alters the properties of the 
pyrim idine ring considerably. The two nitrogen atoms are not equiva­
lent, and the m arked polarization of the 3,4-double bond is reflected 
in the reactions of quinazoline. The properties of substitu ted  quinazo­
lines depend largely on (a) the nature of the substituents, (b) whether 
they  are in the pyrim idine ring or in the benzene ring, and (c) 
whether or not complete conjugation is present in the pyrim idine 
ring.
The reader is referred to previous reviews®»^ for historical aspects 
and early work. For condensed quinazoline systems, “The Chem istry 
of Heterocyclic Compounds—Six M em bered Heterocyclic N itrogen 
Compounds with Four Condensed R ings”® should be consulted.
The present review describes recent advances in quinazoline chem­
istry , some of which are bu t modern applications of earlier methods, 
whereas others strike out on new, and sometimes surprising, p a th ­
ways. The structure of the cation of the paren t substance, quinazo­
line, has only recently been made clear, and it has become evident 
th a t covalent hydration is a phenomenon widely distributed through­
out the quinazoline series. W ith this fact in mind, it  seems better to 
set forth the newly found properties of quinazolines before proceeding 
to an account of advances in synthesis.
II. Properties of Quinazoline
A. P h y s i c a l  P r o p e r t i e s
1. Electron Density Diagram  
Theoretical treatm ent by Brown® has led to the electron density
+  0 . 0 0 6  +  0 . 0 6 4
+  0 . 0 0 3  ^  N  - 0 . 0 9 7
+  0 . 0 0 9  I I I  + 0 . 0 7 3
+  0 .0 0 4  -  0 .0 9 9
[2 ]
“ T .  A . W il l ia m s o n ,  “ H e t e r o c y c l i c  C o m p o u n d s ” ( R .  C . E ld e r f ie ld ,  e d . ) ,  C h a p . 8 . 
W ile y ,  N e w  Y o r k , 1957 .
^ J . K .  L a n d q u is t ,  “ C h e m is tr y  o f  C a r b o n  C o m p o u n d s .  I V B , H e t e r o c y c l i c  C o m ­
p o u n d s ” ( E .  H .  R o d d ,  e d . ) ,  C h a p . X V .  E ls e v ie r ,  A m s te r d a m , 1959 .
® C . F .  H .  A l le n ,  “ T h e  C h e m is tr y  o f  H e t e r o c y c l i c  C o m p o u n d s — S ix  M e m b e r e d  
H e t e r o c y c l i c  N it r o g e n  C o m p o u n d s  w ith  F o u r  C o n d e n s e d  R in g s .” I n t e r s c ie n c e ,  
N e w  Y o r k , 1951 .
® R . D .  B r o w n , p r iv a t e  c o m m u n ic a t io n ,  M o n a s h  U n iv e r s i t y ,  M e lb o u r n e  (1 9 6 1 ) .
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diagram  (2) for quinazoline. These values were obtained by molecu­
lar orbital calculations using uniform  param eters. They are self- 
consistent and give dipole moments in agreem ent with experiment.
2. Structure of the Quinazoline Cation
Unlike the other diazanaphthalenes (i.e., naphthyridines,*® cinno- 
line,** phthalazine,*^ and quinoxaline), quinazoline shows abnorm al 
behavior when converted into its cation. This anom aly was first dis­
covered by Albert et uL/® who noticed th a t 4-m ethylquinazoline was 
a weaker base (tenfold) than  quinazoline (see Table I ) .  This was
T A B L E  I
I o n iz a t io n  o f  Q u i n a z o l i n e s
C o m p o u n d p X a C o m p o u n d VKa
Q u in a z o lin e 3 .5 1 4 -M e t h y lq u in a z o l in e 2 . 5 2
2 - M e t h y lq u in a z o l in e 4 .5 2 2 ,4 - D im e t h y lq u in a z o l in e 3 . 6 0
unexpected because a m ethyl group is norm ally base strengthening. 
A study of the ultraviolet spectra of the neutral molecule** and ca­
tion of quinazoline and 4-m ethylquinazoline revealed th a t the cation 
of the former was anomalous. The diazanaphthalenes, not unlike 
naphthalene, show three m ain bands in the u ltrav io let spectra and 
these are only slightly altered on protonation. The quinazoline anom ­
aly consists of a m arked hypsochromic shift (45 m/x) on protonation 
(see Fig. 1). The neutral molecule is not anomalous because it shows 
the typical three bands and its spectra in w ater and cyclohexane*® 
are essentially similar. The spectra of the neutral molecule and cation 
of 4-m ethylquinazoline are very sim ilar (see Fig. 2). The cation of 
quinazoline in water, therefore, has a different electronic system, and 
the hydrated amidinium structure (3) was postulated for it.**»*®’*^
^®A. A lb e r t ,  J. Chem . Soc. p . 1790  (1 9 6 0 ) .
"  A . R . O sb o r n , K .  S c h o f ie ld , a n d  L . N .  S h o r t ,  J. Chem . Soc. p . 4191  (1 9 5 6 ) .  
“^ A . A lb e r t ,  W . L . F .  A r m a r e g o , a n d  E .  S p in n e r , J. Chem . Soc. p . 2 6 8 9  (1 9 6 1 ) .  
"  A . A lb e r t ,  D .  J . B r o w n , a n d  H .  C . S . W o o d ,  J. Chem . Soc. p . 3 8 3 2  (1 9 5 4 ) .
”  N e u t r a l  m o le c u le  in  t h i s  a n d  fu tu r e  r e fe r e n c e  in d ic a t e s  t h e  u n p r o t o n a t e d  
s p e c ie s  w h ic h  is  th e  s p e c ie s  p r e s e n t  in  s o lu t io n  in  n o n p o la r  s o lv e n t ,  a n d  in  
w a te r  2  p H  U n its  (o r  m o r e )  a b o v e  th e  p A «  v a lu e .
*“ M . C la e s e n  a n d  H .  V a n d e r h a e g h e ,  Bull. soc. chim. beiges, 6 6 , 2 7 6  (1 9 5 7 ) .  
*“ A . A lb e r t ,  Chem . Soc. {London)  S p e c . P u b l .  N o .  3 , p . 138 (1 9 5 5 ) .
” A . A lb e r t ,  “ H e t e r o c y c l i c  C h e m is t r y ,” p . 1 2 1 . A t h lo n e  P r e s s ,  L o n d o n , 1959 .
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F ig . 1. U lt r a v i o le t  s p e c t r u m  o f  q u in a z o l in e  in  w a te r . S o l id  l in e ,  n e u tr a l  
m o le c u le  ; d o t t e d  l in e ,  c a t io n .
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F ig . 2 . U l t r a v i o le t  s p e c tr u m  o f  4 - m e t h y lq u in a z o l in e  in  w a te r . S o l id  l in e ,  n e u tr a l  
m o le c u le  ; d o t t e d  l in e ,  c a t io n .
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HO
NH
H
[3]
The hydrochloride of (3) holds w ater ra ther tenaciously/^ and the 
infrared spectrum  indicates th a t the w ater is covalently bound. M ild 
oxidation of the cation (3) gives 4-hydroxyquinazoline in high yield 
and ring-chain tautom erism  is excluded on the grounds th a t quinazo­
line does not give a positive aldehyde tes t in acid solution. 2-M ethyl­
quinazoline also has an anomalous cationic spectrum  and a high basic 
strength (see Table I ) ,  bu t 2,4-dimethylquinazoline is norm al in both 
these respects, which supports the view th a t  abnorm al cation form a­
tion entails a ttack  on an unsubstituted 4-position.^^
The stabilizing influence in the hydrated  cation is the amidinium  
resonance. If  a solution of the cation is neutralized, a short-lived 
hydrated neutral molecule (4) (half-life 9 sec a t  pH  10) is obtained 
w ith an ultraviolet spectrum  sim ilar to th a t of the hydrated  cation 
bu t shifted to longer wavelengths (5 m/x).^® Supporting evidence can 
be derived from the anhydrous nature  of the cation of 4-nitroiso- 
quinoline {pKa 1.35),^® in which the nitro group has a sim ilar elec­
tronic influence to th a t of the ring nitrogen atom  N-1 in quinazoline 
and where amidinium  resonance is not possible.
N — Me NMe
[4] [ 5 ]  [ 6 ]
The structure of the unstable hydrated  neutral molecule (4) was 
deduced from the sim ilarity of its u ltrav io let spectrum  with th a t  of 
the ‘‘pseudo base” (5), derived from (6) of known structure. This
” A . A lb e r t ,  W . L . F .  A r m a r e g o , a n d  E .  S p in n e r , J. Chem . Soc. p . 5 2 6 7  (1 9 6 1 ) .
"  A . B r y s o n , J. A m . Chem  Soc. 8 2 ,  4871  (1 9 6 0 ) .
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carbinolam ine (5) has no carbonyl band in the infrared spectrum  
(solid and solution), and its u ltraviolet spectrum  in cyclohexane and 
in w ater are the same, thus elim inating ring-chain tautom erism  in 
this case also. The sim ilarity of (4) and (5) is paralleled by (3) and 
(6) and proves the postulated structure (3) of the hydrated quinazo­
line cation conclusively.^®
3. Hydration Pattern in Substituted Quinazolines
As yet no quinazoline has been discovered which has any appre­
ciable am ount (say, 1%) of hydrated species in the neutral mole- 
cule,^° bu t several quinazolines were shown to contain a m ixture of 
anhydrous and hydrated species in the cations.^^ Anhydrous neutral 
molecules and anhydrous cations have an u ltraviolet absorption spec­
trum  of the general type C (Fig. 3) and hydrated cations, the type
4 . 0
——
3 . 0
L og. e
2.0
3 4 02 8 0220
X, m /i.
F i g .  3 . U l t r a v i o le t  s p e c t r a  o f  q u in a z o l in e  c a t io n s  in  w a te r . A , T y p ic a l  h y d r a te d  
c a t io n  ; B  B ', t y p ic a l  m ix tu r e  o f  h y d r a t e d  a n d  a n h y d r o u s  c a t io n ,  a n d  C , t y p ic a l  
a n h y d r o u s  c a t io n .
A. Cations, on the other hand, which are a mixture of hydrated and 
anhydrous species have an interm ediate spectrum  of the type B B'. 
The long-wavèlength absorption band B ' is due to the anhydrous 
cation, and the short-wavelength absorption band B to the hydrated
T h e  e x is t e n c e  o f  th e  e q u il ib r ia  d e s c r ib e d  in  S e c t io n  I I ,A ,4 im p lie s  t h e  p r e s e n c e  
o f  a t  l e a s t  a  v e r y  s m a ll  a m o u n t  o f  h y d r a te d  n e u tr a l  s p e c ie s .
L . F .  A r m a r e g o , J. Chem . Soc. p . 561 (1 9 6 2 ) .
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cation. The intensities of these bands depend on the relative am ount 
of the species present, and the absorption of the long-wavelength 
band has been used to obtain a rough estim ate of the percentage of 
anhydrous species in the mixture. The estim ated percentages are in 
agreem ent with those derived from kinetic da ta  (see Section II,A ,5). 
The nature and position of substituents have a m arked effect on the 
nature of the cations and these are shown in Table II . The dehydrat-
T A B L E  I I
P e r c e n t a g e  o f  A n h y d r o u s  C a t i o n  i n  t h e  M i x t u r e  o f  A n h y d r o u s  
AND H y d r a t e d  C a t i o n s  o f  S u b s t i t u t e d  Q u i n a z o l i n e s
Q u in a z o lin e % M e th o d Q u in a z o lin e % M e t h o d
U n s u b s t i t u t e d A s ,k 5 - M e t h o x y B - B ' s ,k
2 - M e t h y l A s ,k 6- M e t h o x y B - B ' s ,k
4 - M e t h y l C k 7 - M e t h o x y C s ,k
2 ,4 - D im e t h y l C k 8 - M e t h o x y A s ,k
5- M e t h y l B - B ' s ,k 5 - H y d r o x y B - B ' s
6- M e t h y l B - B ' s ,k 6- H y d r o x y B - B ' s
7 - M e t h y l B - B ' s ,k 7 - H y d r o x y C s
8- M e t h y l B - B ' s ,k 8- H y d r o x y B - B ' s
5 -C h lo r o A s 5 -A m in o B - B ' s
6-C h lo r o A s ,k 6-A m in o A s
7 -C h Io r o A s ,k 7 -A m in o C s
6 ,8 -D ic h lo r o A s ,k 8 -A m in o B - B ' s
Notation: A , 0 % ;  B - B ' ,  4 - 2 5 % ;  C , 7 5 - 8 0 % ;  s , fr o m  lo n g - w a v e le n g t h  b a n d  in t e n s i ­
t ie s ;  k , fr o m  r a te  o f  d e h y d r a t io n .
ing influence on the cation due to a substituent in position 4 (where 
OH a ttack  occurs), and also in position 7 (para to position 4) when 
the la tte r is substituted with a group th a t has a strong -\-T effect, is 
of particu lar interest.^^
4. Significance of Ionization Constants
The ionization constant of a typical heterocyclic compound (e.g., 
quinoline) designates the equilibrium  involving a proton, a neutral 
molecule and its cation. W ith quinazoline, however, two distinct 
species (hydrated and anhydrous) are involved each of which is in 
equilibrium  with its cation, and can be represented as in the reaction 
scheme, (7), (8), (3), and (4).
The p/Ca value of 3.51, determined by potentiom etric titration .
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( -H 2O) (+H 2O) _(+H,0)
NH (+H )
[ ]^
represents an over-all and composite ionization constant involving 
the equilibria K 2 , K^, and K^. This is simplified in quinazoline 
itself because the amount of (4) in equilibrium with (7) in the neu­
tral molecule, and (8 ) in equilibrium with (3) in the cation, is very 
small. No hysteresis has been observed in the titrations hence the 
equilibria are established rapidly. The pKa value for the equilibrium 
K i  was predicted to be ^ 1 .5  but that for the equilibrium K 3  was 
found to be 7.77. The latter constant was determined spectrophoto- 
metrically by immediately mixing an acid solution of (3) with 
various buffers and measuring the initial (extrapolated) optical den­
sity of ( 4 ) . The hydration-dehydration process is acid-base cata­
lyzed.
Although the dehydration of (4) to (7) is rapid, the initial ultra­
violet absorption could be obtained accurately by extrapolation and 
the ionization constant determined. This is because the pKa value 
(7.77) is in a pH region where hydrogen ion catalysis is small. In 
contrast the pKa value for the equilibrium K i  is low and in a region 
where the process (8 ) -> (3) is strongly catalyzed by hydrogen ions—  
it is too rapid for measurement by the foregoing technique. The ion­
ization constants for equilibria such as K i  will, therefore, have to 
wait for the application of faster measuring techniques.
As a rough guide, the larger the ratio of hydrated to anhydrous 
species in either the neutral molecule or in the cation, the higher will
This technique was developed for these systems in this Department by Dr.
D. D. Perrin who first demonstrated the presence of the hydrated neutral
species (4).
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be the over-all pKa. This pKa also depends on the ionization con­
stants of the anhydrous and of the hydrated species in addition to 
the ratios mentioned. Substituents which have a marked effect on 
the cationic spectrum of quinazoline (see Table II) also have a 
similar effect on the ionization constants and this is in agreement 
with the considerations given in the foregoing.^ '^^  ^ The over-all ioniza­
tion constants for comparison purposes are of no significance, except 
perhaps to give some idea of the degree of hydration if either the 
neutral molecules or the cations are, respectively, largely anhydrous 
or hydrated. Such a constant is too complicated for interpretation 
when both the neutral molecule and cation are partially hydrated, as 
in pteridine.^^
The hydrated cation of quinazoline in dilute acid solution becomes 
dehydrated when the acidity of the solution is progressively in­
creased. At Ho —4.3, the solution consists predominantly of the an­
hydrous cation with some anhydrous dication { ^ 7 % ) .  The ultra­
violet spectrum of the anhydrous cation is similar to that of the 
neutral molecule (there is a small bathochromic shift) and it is also 
similar to that of quinazoline in anhydrous dichloroacetic acid.^  ^
When the acid strength is further increased to Hq —9.4, the quin­
azoline dication is formed {pKa —5.5).
5. Kinetics of the Hydration-Dehydration Process
The existence of the short-lived hydrated neutral molecule (4) has 
been demonstrated in several benz-substituted quinazolines^^ and the 
over-all rate of dehydration has been determined at pH 10. This was 
done by neutralizing a solution containing the cation and measuring 
the rate of increase of optical density in the spectral region B' (see 
Fig. 3) where absorption due to species (4) is negligible. The absorp­
tion at zero time (extrapolated) gives the amount of anhydrous 
species present in the cation, and the absorption at infinite time 
gives the total amount of anhydrous and hydrated species in the 
cation mixture. The percentages of anhydrous to hydrated species 
in the cations of substituted quinazolines obtained by this method 
are in agreement with those obtained earlier (see Table II).^^ Al­
though the process is described as an over-all rate of dehydration, it
“'‘The only exceptions are the benz-substituted nitroquinazolines which have 
unexpectedly high basic strengths.
D. D. Perrin, J. Chem. Soc. p. 645 (1962).
262 w. L. F. ARMAREGO
is in fact a hydration-dehydration equilibrium largely in favor of 
the anhydrous neutral molecule. The observed rate is a complex 
constant involving the equilibria K i, K 2 , K 3 , and and is pH de­
pendent. A comparison of observed rates of the hydration-dehydra­
tion process of several quinazolines at the same pH should be taken 
with some reserve, because the pH versus rate plots may vary con­
siderably from compound to compound. Thus a single pH does not 
necessarily provide conditions in which the hydration-dehydration 
process of two different quinazolines can legitimately be compared. 
This is because the ratio of the catalytic coefficients of the hydrogen 
and hydroxyl ions in this process varies with different quinazolines—  
a pH versus rate plot would be a better basis for comparison.^®
Quinazoline is the only diazanaphthalene system which shows this 
phenomenon. But when the number of nitrogen atoms is increased 
as in 1,3,5-, 1,3,7-, 1,3,8-,-^ and 1,4,6-triazanaphthalenes^^ and in 
pteridine,^^ this behavior is even more marked. Moreover, the pyrimi­
dine ring after hydration goes a step further and opens when allowed 
to stand in acid solution for longer periods.
B. C h e m i c a l  P r o p e r t i e s
Oxidation of quinazoline with potassium permanganate gives pyrim- 
idine-4,5-dicarboxylic acid.^® Because the oxidation was carried out 
in neutral or slightly alkaline solution, this result is in agreement 
with the greater stability of the heterocyclic ring to oxidation under 
these conditions. In acid solution, on the other hand, 4-hydroxy­
quinazoline is obtained^^ and with stronger conditions this pro­
ceeds further to 2,4-dihydroxyquinazoline.®^ The oxidation of quinazo­
line to 4-hydroxyquinazoline has been achieved in over 83% yield in 
2 N  acid with two equivalents of hydrogen peroxide at room tem­
perature.^^ In view of the preceding discussion, this can be considered 
to be virtually the oxidation of a secondary alcohol to a ketone.
“ D. D. Perrin and Y. Inoue, personal communication (1962).
W. L. F. Armarego, Proc. Chem. Soc. p. 459 (1961).
D. D. Perrin and Y. Inoue, Proc. Chem. Soc. p. 342 (1960); A. Albert and
C. Pedersen, J. Chem. Soc. p. 4683 (1956).
“® S. Gabriel and J. Colman, Ber. deut. chem. Ges. 37, 3643 (1904).
“®H. Yamanaka, Chem. & Pharm. Bull. {Tokyo) 7, 152 (1959) (in English);
Chem. Abstr. 54, 22672 (1960).
M-C. Chiang and 0 . Li, Hua Hsiieh Hsüeh Pao. 23, 391 (1957); Chem.
Abstr. 52, 15539 (1958).
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There is no direct experimental evidence to indicate which of the 
nitrogens is more basic in quinazoline but, by using the argument 
that isoquinoline is more basic than quinoline, we can deduce that 
N-3 is the basic center. This is of no consequence in the discussion 
put forward earlier on the quinazoline cation, because, if protonation 
occurs on N -1  then water addition at position 3,4 will give the 
resonance-stabilized hydrated cation (3), and if N-3 is protonated, 
the water addition at 1,4 will give the same cation. It does, however, 
matter in the anhydrous cations of substituted quinazolines, because 
the position and nature of the substituent will undoubtedly determine 
the basic center.
Méthylation  with methyl iodide gives 3 -methylquinazolinium  
iodide^® and this gives a methanolate (9) on crystallization from 
methanol-ether which holds its methanol strongly.®^ Other alkyl de­
rivatives of (9) were similarly prepared. M éthylation proceeds in 
high yield and there is no evidence of any N -1  methyl derivative 
being formed.^® When the anhydrous iodide, but not the methanolate 
(9), is treated with alkali the pseudo base (5) is obtained in high
MeO
NMe
[^ J
yield.®  ^ The structure of this carbinolamine has been established by 
spectroscopic means^® and also by oxidation to 3-m ethyl-4(3 i/)-
quinazolinone.®^
Recently it has been shown that quinazoline undergoes a number 
of reactions with nucleophilic reagents.^ »^^ ®*®® These reagents add
across the 3,4-double bond as shown in Scheme 1. Even tertiary 
butylmagnesium chloride adds in a similar way to yield 4-i-butyl-3,4- 
dihydroquinazoline.®^ The electron density diagram (2) clearly in-
Schopf and F. Oechler, Ann. Chem. Liebigs 523, 1 (1936).
J. Fry, J. D. Kendall, and A. J. Morgan, J. Chem. Soc. p. 5062 (1960).
Higashino, Yakugaku Zasshi 80, 245 (1960) (IJnglish Summary); Chem.
Abstr. 54, 13125 (1960).
‘^ W. L. F. Armarego, unpublished data (1962).
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NH
NaHSO RMgX
NMgX
PhLiHCNCN,
NH
S c h e m e  1
P h ^ H
00' "
dicates that position 4 is subject to nucleophilic attack but does not 
explain why position 4 is more favored than position 2 . The reactivity 
of quinazoline toward Michael reagents (i.e., malonic ester, aceto- 
acetic ester, cyanoacetic ester, and acetone) has been demonstrated^^ 
but no products have yet been isolated.
The sole known example of electrophilic substitution in quinazoline 
is nitration. Quinazoline gives 6 -nitroquinazoline with fuming nitric 
acid in concentrated sulfuric acid.^® No oxidation of the heterocyclic 
ring can occur under these conditions because the hydrated cation 
(see Section II,A,4) is not present. This substitution is in agreement 
with theoretical calculation [see (2) and reference 36].
Reduction of quinazoline with hydriodic acid gives 3,4-dihydro- 
quinazoline^ but this can be achieved more satisfactorily by catalytic 
m e a n s .W ith  palladium-charcoal it was found possible to reduce 
quinazoline to 1,2,3,4-tetrahydroquinazoline.^^
III. Properties of Substituted Quinazolines
1 . Alkyl and Arylquinazolines 
These are stable to distillation and crystallization. The substituents
C. Elderfield, T. A. Williamson, W. J. Gensler, and C. B. Kremer, J. Org.
Chem. 12, 405 (1947).
®“M. J. S. Dewar and P. M. Maitlis, J. Chem. Soc. p. 2521 (1957).
K. Adachi, Yakugaku Zasshi 77, 507 (1957) (English Summary); Chem. Abstr.
51, 14744 (1957).
QUINAZOLINES 265
behave in many ways as in other heterocyclic systems. M ethyl groups 
in positions 2 and 4 are reactive and can condense with diethyl 
oxalate/^ phthalic anhydride/^ and benzaldehydes"^®’^  ^ and undergo a 
Mannich reaction.^^ 2-Methylquinazoline also reacts with pyridine in 
the presence of iodine to form the pyridinium salt (10) which was 
isolated as the perchlorate in 78% yield.^^
N Me
[i^?]
C IO /
Méthylation of 2 - or 4-methylquinazoline is reported to proceed 
with difficulty/® but 4-methylquinazoline has been quaternized with 
methyl iodide. The product was very hygroscopic and, although not 
purified, was shown to consist mostly of 1,4-dimethylquinazolinium  
iodide, since it gave the same cyanine dye (11) with 2 -methylthio- 
benzthiazole metho-toluene-p-sulfonate as did 1 -methy 1-4-methy 1- 
thioquinazolinium iodide (of unambiguous structure) with 2 -methyl- 
benzthiazole methiodide.^^
Me
+ MeS
SMe
Me
+
Borsche and W. Doeller, Ber. deut. chem. Ges. 76, 1176 (1943).
T. Bogert and M. Heidelberger, J. Am. Chem. Soc. 34, 183 (1912).
■*®M. T. Bogert and H. Clark, J. Am. Chem. Soc. 46, 1294 (1924).
Adachi, Yakugaku Zasshi 77, 514 (1957) (English Summary); Chem. Abstr. 
51, 14745 (1957).
Siegel and B. E. Christensen, J. Am. Chem. Soc. 73, 5777 (1951).
Reid and H. Bender, Chem. Ber. 89, 1893 (1956).
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2 -Alkylquinazolines are catalytically reduced to the corresponding
3,4-dihydro derivatives.^^ The only example of a 4-substituted quin­
azoline which was reduced to its 3,4-dihydro derivative is 2-chloro- 
4-phenylquinazoline which gave 4-phenyl-3,4-dihydroquinazoline.^® 
4-Methylquinazolines are susceptible to oxidation, as is shown by 
the attempted nitration of 2,4-dimethylquinazoline which causes the 
removal of the methyl group with formation of 4-hydroxy-2-methyl- 
6 -nitroquinazoline.^® When the 4-substituent is — C (Et) (C0 2 E t )2 re­
crystallization of the picrate from ethanol is sufficient to convert it to 
4-hydroxyquinazoline.'^^ Similar hydrolyses occur in acid solution and 
the mechanism undoubtedly involves a hydrated intermediate.
2. Hydroxy quinazolines
These are high-melting water-insoluble substances. They are readily 
soluble in alkali and form stable salts.^ *'^ ’^ ®»'*® They undergo bromina- 
tion and nitration,®® the first nitro group entering position 6  and the 
second, position 8 ; they are stable to oxidation, although severe con­
ditions give 2,4-dihydroxyquinazolines.®®'®^ Infrared spectra of 2- and 
4-hydroxyquinazolines and 2,4-dihydroxyquinazoline show the pres­
ence of strong N — H and C = 0  stretching vibrations.®^’®® The ultra­
violet spectrum of 4-hydroxyquinazoline when compared with that of 
4-methoxyquinazoline, 3-methyl-4 (377) quinazolinone and 1 -methyl-4 
(li/)quinazolinone indicates that the equilibria (12), (13), and (14) 
are present. The lactam form (14) is the least favored®  ^ and (12), 
the most favored.®® 2 -Hydroxy- and 2,4-dihydroxy-quinazolines are 
subject to the same tautomerism, but the spectrum of the former is 
more complicated because of the evidence of partial hydration in the
L. F. Armarego, J. Chem. Soc. p. 2697 (1961).
“®K. Schofield, J. Chem. Soc. p. 1927 (1952).
®^A. J. Tomisek and B. E. Christensen, ./. Am. Chem. Soc. 70, 2423 (1948).
R. C. Elderfield and I. Serlin, J. Org. Chem. 16, 1669 (1951).
“«M. Kdrner, J. prakt. Chem. [2] 36, 155 (1887).
G. Sdderbaum and 0. Widman, Ber. deut. chem. Ges. 22, 1665 (1889).
“ M. T. Bogert and G. A. Geiger, J. Am. Chem. Soc. 34, 524 (1912) ; M. T.
Bogert and G. Scatchart, J. Am. Chem. Soc. 41, 2052 (1919).
“ H. G. Sdderbaum and 0 . Widman, Ber. deut. chem. Ges. 22, 2933 (1889).
““H. Culbertson, J. C. Decius, and B. E. Christensen, J. Am. Chem. Soc. 74, 
4830 (1952).
“^ S. F. Mason, J. Chem. Soc. p. 5874 (1957).
J. M. Hearn, R. A. Morton, and J. C. E. Simpson, J. Chem. Soc. p. 3318 (1951). 
®®G. B. Barlin, private communication (1961).
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[J2] [15]
neutral molecule.®^’ 2-Methoxyquinazoline is undoubtedly partly hy- 
drated.2^
The lactam-lactim tautomerism of hydroxyquinazolines is reflected 
in their chemical reactivity. Thus they are chlorinated to 4-chloro- 
quinazolines (see Section VI,A), and both 0 -  and V-methylation  
have been observed. When a substituent is already present on a 
nitrogen atom, as in 3-m ethyl-4(3i/) quinazolinone, chlorination gives 
4-chloroquinazoline with loss of the methyl group^  ^ (see la ) . 2-
N —Me PCI, [la ]
Methyl-4-hydroxyquinazoline reacts with organic halides, in the pres­
ence of sodium methoxide, to give 3-substituted 2-m ethyl-4(3iJ)- 
quinazolinones.®^’®® The 0-acetyl derivative of 4-hydroxyquinazoline 
has been prepared under anhydrous conditions and gives the hydroxy 
compound with water or with lithium aluminum hydride. The N-3  
acetyl derivative, however, is more stable and gives 3-m ethyl-4(3iJ)- 
quinazolinone with lithium aluminum hydride.®®
4-Hydroxyquinazolines react with primary amines or hydrazines to 
form 3-substituted 4(3iï)quinazolinones (15).®®’®^ The mechanism was 
shown to involve ring opening because with secondary amines (where 
ring closure is not possible) V-disubstituted benzamides are formed. 
Grignard reagents do not always react in the normal way with
D. Perrin, private communication (1961).
M. T. Bogert and 0. E. May, J. Am. Chem. Soc. 31, 507 (1909).
“ A. Buzas and C. Hoffman, Bull. soc. chim. France, 26, 1889 (1959).
R. Mirza, Nature 186, 716 (1960).
N. J. Leonard and D. Y. Curtin, J. Org. Chem. 11, 341 (1946).
N. L. Leonard, W. V. Ruyle, and L. 0 . Bannister, J. Org. Chem. 13, 617, 903 
(1948).
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O
RNH, N— R
[15]
3-substituted 4(3^f)quinazolinones, e.g., cleavage of the 2,3-bond oc­
curs particularly when position 2  is unsubstituted®^ (see lb ).
O
N —Ph PhCHgMgCl ‘NHPh
^ C H g P h .
[ lb ]
3. N -M ethyl Derivatives
Méthylation of hydroxyquinazolines invariably produces a mixture 
of 0 -  and A^-methylated derivatives. The iV-methyl derivatives are, 
therefore, best prepared by unequivocal syntheses. 1-M ethyl-2(1H )- 
quinazolinone (16) is not known. When o-aminobenzaldehyde is 
treated with methylisocyanate, 3-methyl-2 (3^ ) quinazolinone (17) is 
obtained.'^® If this is heated in ethanol it dissolves and an alcoholate, 
presumably (18), crystallizes out, and this can be converted back to 
(17) by vacuum sublimation. Méthylation of 1 -methyl-4 (liil)quinaz-
N —Me
W
N - M e
[17] [iS ]
olinone, which can be prepared unambiguously from o-methylamino- 
benzamide and formic acid^ has not been studied. Méthylation of
3-m ethyl-4(3 //) quinazolinone, also prepared from methyl o-amino- 
benzamide and formic acid,® ’^®^ gives a l,3-dimethyl-4 (31if) quinazoli-
K. Kacker and I. H. Zaher, J. Chem. Soc. p. 415 (1956).
®^ E. Knape, J. prakt. Chem. [2] 43, 209 (1891).
 ^A. R. Osborn and K. Schofield, J. Chem. Soc. p. 3977 (1956).
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none salt (19) and is similar to that obtained by méthylation of 
4 -methoxyquinazoline.^^’®^ Treatment of (19) with alkali did not give 
a pseudo base but gave TV-methyl-o- (#-methylformamido) benzamide.
OMe
N —Me■NMe
Me
[19]
The structures of 1 -methyl, 3-methyl, and 1,3-dimethyl derivatives 
of 2,4-dihydroxyquinazoline (which had been in doubt) have been 
settled.®®
4. Chloroquinazolines
The halogen atom in benz-chloro substituted quinazolines is very 
stable (as in chlorobenzene), whereas the halogen atoms in positions 
2 and 4 show the enhanced reactivity observed with halogen atoms on 
carbon atoms placed a and y to heterocyclic ring nitrogens. The 
chlorine atom in position 4 is more reactive than in position 2,®^  and 
this property has been used to introduce two different substituents in 
the pyrimidine ring.®®
OR
The mechanism of hydrolysis and alcoholysis has been described,®® 
and the greater reactivity of the 4-position over the 2-position is at­
tributed to the greater stability of the transition complex (2 0 ) with 
respect to (21), hence its greater ease of formation.® The hydrolysis
J. S. Morley and J. C. E. Simpson, J. Chem. Soc. p. 1354 (1949).
“ C. H. Wang, T. C. Feng, and B. E. Christensen, J. Am. Chem. Soc. 72, 4887 
(1950).
N. B. Chapman and D. Q. Russel-Hill, J. Chem. Soc. p. 1563 (1956).
®®M. Claesen and H. Vanderhaeghe, Bull. soc. chim. beiges, 68, 220 (1959).
®®A. J. Tomisek and B. E. Christensen, J. Am. Chem. Soc. 67, 2112 (1945).
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[20 ]
[ 2 2 ]
of these chlore compounds is autocatalyzed by the acid liberated and 
is much faster in the presence of acid. It probably involves a mech­
anism not dissimilar to the hydration in the quinazoline cation (see 
Section II,A) where the hydrated intermediate (22) prefers to lose 
the halogen atom rather than the hydroxyl group. There is no direct
O
NH
, +-{ H
NH
H
evidence that 2- or 4-chloroquinazolines self-quaternize as does 4- 
chloropyridine, but the latter reacts with 4-hydroxyquinazoline under 
relatively mild conditions to furnish 3(4'-quinazolinyl)-4(3i7)quin- 
azolinone.^°
The effect of substituents in the benzene ring on the reactivity of 
the halogen atom in 4-chloroquinazolines is worthy of investigation.
Stephen and T. Stephen, J. Chem. Soc. p. 4178 (1956).
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No doubt the reactivity parallels the hydration pattern observed in 
benz-substituted quinazolines (see Section II,A,3).
The versatility of pyrimidine substituted chloroquinazolines as in­
termediates is due to the ready replacement of the halogen atoms by 
hydrogen, alkyl, alkoxyl, amino, and mercapto groups (see Section 
VI,A).
5. Cy anoquinazolines
The reactions of 2- and 4-cyanoquinazolines are similar to those 
of the chloro compounds. Thus the cyano group can be replaced by 
alkoxide, phenoxide, substituted amino, and hydrazino groups; sub­
stitution of the 4-cyano takes place more readily than that of the 
2-cyano g r o u p .T h e  nitrile substituent can also be hydrolyzed to an 
alkoxycarbonyl and amide group.
6. Ethers
Ether groups in the benzene ring of quinazoline behave as in ethers 
of homocyclic aromatic compounds, e.g., they can be demethylated 
with anhydrous aluminum chloride.^ »^"^  ^ Allyl ethers also undergo a 
Claisen rearrangement.^^
Ether groups in position 2 in quinazoline, although hydrolyzable 
can undergo nucleophilic replacement with difficulty (i.e., replace­
ment with —NH R groups). Ether groups in position 4, on the other 
hand, are more like — OR groups of esters. Thus a 4-methoxy group 
can be quantitatively hydrolyzed to a hydroxy group with dilute 
acid, undergo ether exchange with alcohols,^®’"^® and can be replaced
OR
[23]
Higashino, Yakugaku Zasshi 80, 1404 (1960) (English Summary); Chem. 
Abstr. 55, 5515 (1961).
" T. Higashino, Yakugaku Zasshi 79, 702 (1959) (English Summary); Chem. 
Abstr. 53, 21999 (1959) ; T. Higashino, Yakugaku Zasshi 80, 842 (1960) (English 
Summary) ; Chem. Abstr. 54, 24777 (1960).
" A. Albert and A. Hampton, J. Chem. Soc. p. 4895 (1954).
A. Albert and A. Hampton, J. Chem. Soc. p. 505 (1954).
W. Breukink, L. H. Krol, P. E. Verkade, and B. M. Wepster, Rec. trav. 
chim. 76, 401 (1957).
’«N. A. Lange and F. E. Sheibley, J. Am. Chem. Soc. 54, 4305 (1932).
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with an amino group when heated with alcoholic ammonia in a sealed 
tube.®® The latter reaction is worthy of further extension to sub­
stituted amines in view of the easy accessibility of these ethers (see 
Section VI,A,2 ).'® Hydroxy ethers of the general formula (23) are 
made by hydrolysis of the 2,4-alkoxy diethers because of the greater 
reactivity of the 4-substituent, whereas ethers of the type (24) are 
most conveniently obtained by reaction of o-ethoxycarbonylamino- 
benzonitriles with excess of a lk o x id e .T h e  ease of replacement of
OR
RONa
NHCO,Et NHCOgEt
[24]
4-quinazolinyl ethers results from the higher susceptibility of the
4-position to nucleophilic attack (see Section II,B ). Méthylation of
2-quinazolinyl ethers has not been investigated, but 4-quinazolinyl 
ethers generally quaternize on
Rearrangement of 4-quinazolinyl ethers has been known for a long 
time but only a few examples are recorded because the reaction is 
not a general one. Of the more readily rearranged ethers, 4-ethoxy-2- 
ethyl-6 -nitroquinazoline is the most striking example, because re­
arrangement takes place on recrystallization from ethanol to give
2,3-diethyl-6-nitro-4(3i7)quinazolinone.'® Recently Grout and Par­
tridge^® have shown that ethers such as (25) (where R =  NM e2,NEt2, 
or Cl) rearrange to the N  alkylated isomers (26) on distillation. 
These workers have also shown that when R =  OH the rearrange-
” J. S. Morley and J. C. E. Simpson, J. Chem. Soc. p. 360 (1948).
M. T. Bogert and H. A. Sell, J. Am. Chem. Soc. 2^, 517 (1907).
’"R. J. Grout and M. W. Partridge, J. Chem. Soc. pp. 3546, 3551 (1960).
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OCHoCH.R O
N "OCHgCHgR
I
[25] [25]
ment can be effected with thionyl chloride. A cyclic intermediate is 
involved in the reaction as indicated in Scheme 2  (where R =  Cl but 
not N H Ph). Attempts to rearrange allyloxy, benzyloxy, and ethoxy
CH
+ X H — CH
O -C H gC H — CHg
Cl
N R
S ch em e  2
N -C H C H X l
ethers were unsuccessful.
7. Amino quinazolines
Amino groups in the pyrimidine ring can exist in amino and imino 
forms, and they show typical amino reactivity.®^ Protonation occurs 
on the ring nitrogen atoms^  ^ and the high basic strengths of the 2 -,
4-, and 7-amino isomers is attributed to resonance in the cations as 
in (27). Amino groups can be replaced by hydroxy groups with
[27]
H. J. Rodda, J. Chem. Soc. p. 3508 (1956).
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nitrous acid.®  ^ The 4-amino group in particular can be replaced by 
a hydroxy group with concentrated hydrochloric acid/^ 6 -Amino- 
quinazoline undergoes a Sandmeyer r e a c tio n ,b u t  it does not follow 
that amino groups in position 5, 7, and 8  (particularly 7) will behave 
in a similar manner. This is because their cations differ from that of 
6 -aminoquinazoline (see Table II).
The rearrangement of l-methyl-2-aminopyrimidine to 2 -methyl- 
aminopyrimidine with alkali®  ^ has been recently observed in amino- 
quinazolines.®^ The following rearrangement proceeded in high yields 
when R was Me, Et, Pr”, Ph, and p-MeOCeH^:
I z
NHR
8 . Mercapto quinazolines
Only 2 - and 4-mercapto- and 2,4-dimercaptoquinazolines are known. 
Like their oxygen analogs, they exhibit tautomerism. Infrared data 
indicates the presence of N —H and C = S  stretching frequencies.®^ 
The mercapto group can be replaced by amino but this is more 
readily achieved with the corresponding methylthioethers.®°’®^ Here 
again the 4-mercapto (and 4-methyImercapto) group is more reactive 
than the 2 -mercapto (and 2 -methyImercapto) group.®®
Alkylation of these mercapto compounds in alkaline solution gives 
only the ,8 -methyl derivatives.®^ Of the four isomeric A'-methyl de­
rivatives, the 4-thioquinazolines, (28) and (29), have been obtained 
from the corresponding oxo compounds with phosphorus pentasulffde®^ 
but the corresponding 2-thio derivatives (30) and (31) are not known. 
However, derivatives of substance (31) with methyl replaced by
" E. C. Taylor, R. J. Knopf, and A. L. Borror, J. Am. Chem. Soc. 82, 3152
(1960).
*’ K. Schofield and T. Swain, J. Chem. Soc. p. 1367 (1949).
J. Brown, E. Hoerger, and S. F. Mason, J. Chem. Soc. p. 4035 (1955) ; see 
also H. C. Carrington, F. H, S. Curd, and D. N. Richardson, J. Chem. Soc. 
p. 1858 (1955).
 ^R. J. Grout and M. W. Partridge, J. Chem. Soc. p. 3540 (1960).
®®P. B. Russell, G. B. Elion, E. A. Falco, and G. H. Hitchings, J. Am. Chem. 
Soc. 71, 2279 (1949).
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[29]
‘N
Me
[30]
N—Me
[31]
aryl groups, have been prepared®® by reaction of aryl isothiocyanates 
with o-aminobenzaldehyde.^ They give brilliant color reactions with 
acids and form hydrates and alcoholates with the general formula 
(32).
N—R
[32]
Méthylation of 4-methylthioquinazoline occurs on N-1 since the 
product is the same as that obtained by méthylation of 1 -methy 1- 
4(li7)quinazolinthione.®2 Further evidence was presented by hydroly­
sis with excess alkali to o-methylaminobenzoic acid. When only one 
equivalent of alkali was used o-methylaminobenzonitrile was formed 
(see Scheme 3). A similar 2,3-cleavage has also been recently ob­
served with 6-nitro-4-methylmercaptoquinazoline.®^
“ C. V. Gheorghiu, Bull. soc. chim. France 2, 223 (1935) ; L. Manolescu-Pavelescu, 
Ann. Sci. Univ. Jassy 25, 223 (1939); see Chem. Abstr. 33, 4994 (1939).
®^ E. C. Taylor, R. J. Knopf, J. A. Cagliano, J. W. Barton, and W. Pfleiderer, 
J. Am. Chem. Soc. 82, 6058 (1960).
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SMe SMe
X
OH
Me
-SM e
N— CHO
Me
S c h e m e  3
Further méthylation of 2-methylmercapto- and 2,4-dimethylmer- 
capto-quinazolines has not been studied.
IV. Quinazoline-N-Oxides
Quinazoline 3-oxides were first prepared by Awers and von Meyen- 
burg®® in 1891 by the dehydration of o-acylamino benzophenone 
oximes with acetic acid-acetic anhydride and were assigned the in- 
dazole structure (33). This was then modified by Bischler®  ^ to the
R
I
COR'
[33]
R
[35 \
[36]
K. Awers and F. von Meyenburg, Ber. deut. chem. Ges. 24, 2370 (1891) 
A. Bischler, Ber. deut. chem. Ges. 26, 1901 (1893).
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oxadiazepine structure (34) which was later accepted by Awers.®® 
Ried and Stahlhofeh,®^ reduced these oxo compounds, which they 
also obtained by dehydration of the oximes of o-acylamino benzo­
phenone and acetophenone, to 3,4-dihydroquinazolines of known 
structure. Reduction proceeded with absorption of two molecules of 
hydrogen, and these authors postulated ring opening of (34) fol­
lowed by dehydration to (35) during reduction. It was not until 6  
years later that Sternbach et uZ.®® showed these structures to be 
quinazoline 3-oxides (36) on the evidence of (a) their method of 
preparation, (b) infrared data which show an N  -»  0  stretching fre­
quency, (c) catalytic reduction to quinazolines, and (d) the reaction 
(37) -»  (38) with acetic anhydride which is typical of A-oxides.
Ph
A cgO
N "CH. N X H 2OCOCH3
[37]
Unsubstituted quinazoline S-oxide was prepared in an attempt to 
react quinazoline with hydroxylamine.®^ This reaction gave a product 
of variable composition, but when an acetone solution was heated in 
a sealed tube it gave quinazoline 3-oxide. The oxide is more con­
veniently prepared, in excellent yield, from o-aminobenzaldehyde 
oxime and ethyl orthoformate. This method appears to be of general 
use and has been used for the preparation of 4-methylquinazoline
R R
a '^NOH (EtOgCH I
NH,
[2 a]
3-oxide."^  ^ The reaction of quinazoline with hydroxylamine 
is not hindered by the presence of a 4-substituent since 4-methyl­
quinazoline also gives 4-methylquinazoline 3-oxide with hydroxyl-
“®K. Awers, Ber. deut. chem. Ges. 57, 1723 (1924).
W. Ried and P. Stahlhofen, Chem. Ber. 87, 1814 (1954).
®“L. H. Sternbach, S. Kaiser, and E. Reeder, J. Am. Chem. Soc. 82, 475 (1960).
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amine, and 4-methoxy- and 4-phenoxy-quinazoline give 4-amino- 
quinazoline 3-oxide with displacement of the ether group®  ^ (see 2b).
OR
0 6
NH.
NHgOH [2 b]
Quinazoline 3-oxide reacts further with hydroxylamine to give 2 - 
aminoquinazoline 3-oxide (see 2c).
n H oOH [2 c]
N NH.
These compounds show the typical reactions of heterocyclic N-  
oxides and their structure was proved by méthylation which takes 
place on N -1 . Quinazoline 3-oxide is soluble in water and melts at 
]55°C. It has basic properties and its pKa value in water is 1.47.^^
(270 m/i)
4 .0
3.0
Log. e
2.0
280 340220
X, m/1
F i g .  4 ,  Ultraviolet spectrum of quinazoline 3-oxide. Solid line, neutral mole­
cule; dotted line, cation.
®“K. Adachi, Yakugaku Zasshi 77, 510 (1957) (English Summary); Chem. Abstr. 
5 1 ,  14745 (1957).
QUINAZOLINES 279
The ultraviolet spectra of the neutral molecule and the cation in 
water show very similar behavior to quinazoline and its cation (see 
Fig. 4). By analogy, the quinazoline 3-oxide cation must be co-
HO
N -O H
[39]
valently hydrated and the hydrate stabilized by an amidinium type 
of resonance (39). Furthermore 4-methylquinazoline 3-oxide is a 
weaker base (pKa 0.06) and the ultraviolet spectrum of the cation 
does not show the foregoing anomaly.^^
In addition to having typical A^-oxide reactions, quinazoline 3- 
oxide also shows the same reactivity as quinazoline toward nucleo- 
philic reagents, but the reaction goes a step further by eliminating 
water®  ^ as shown in reaction 2d. Oxidation with hydrogen peroxide
C O HCN ^  "N' "  -HoO "CN [2 d]'N
gives 4-hydroxyquinazoline 3-oxide in high yield.^^ Undoubtedly, 
like quinazoline, a 4-substituent can greatly alter this reactivity.
The jV-oxide reactions in quinazoline 3-oxide are, however, modi­
fied to a certain extent by the aforementioned properties. Thus, 
whereas it can be reduced to quinazoline with phosphorus trichloride 
or iron and ferrous sulfate in ethanol, reactions with alkali, acetic 
anhydride, and benzoyl chloride in the presence of cyanide result in 
ring fission®  ^ (Scheme 4).
An interesting reaction is the ring enlargement (with rearrange­
ment) caused by primary, but not secondary, amines with appro­
priately substituted 2 -chloromethylquinazoline 3-oxides®® (Scheme 5). 
Quinazoline 1 -oxide is not known but 4- and 2,4-substituted quin-
®^ T. Higashino, Chem. & Pharm. Bull. {Tokyo)  9, 635 (1961) (in English).
L. H. Sternbach and E. Reeder, J. Org. Chem. 26, 1111 (1961).
280 w . L. F. ARMAEEGO
OH
O
PhCOCl CN
^ N O H
NHCHO
^N O CO Ph
NHCOPh
AcoO
S c h e m e  4
N CH2NR2
NHR
N" "CH2CI
S c h e m e  5
azoline 1-oxides have been recently prepared by oxidation of the cor­
responding quinazolines with perphthalic acid,^®’®® and with hydrogen 
peroxide.®  ^ In the oxidation with perphthalic acid a small quantity of
OR OR OR
T
1
+ 0
1
1 _  
0 &
OH
[40]
[w here R = M e,.E t,B u, Ph, or PhCH2 ]
Hayashi, H. Yamanaka, and T. Higashino, Chem. & Pharm. Bull. {Tokyo)  
7, 149 (1959) (in English); Chem. Ahstr. 54, 22665 (1960).
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the alkali soluble 2 -oxo compound was always formed because the 
compounds used were unsubstituted in position 2 .
The ethers ( 4 0 )  are hydrolyzed in high yields, by boiling water 
(4 hr), to 4-hydroxyquinazoline 1-oxide, and their structures were 
deduced by méthylation followed by reduction to 3-m ethyl-4(3H )- 
quinazolinone^® (Scheme 6 ). These N-1 oxides show the typical reac-
H ,0
O
N—Me
O
NMe
S c h e m e  6
tions® ’^®^ presented in Scheme 7.
OR OR
qn^ sOgCi
AcoO
S c h e m e  7
PhCOCl
CN"
SOgClg
OR
OR
V. Hydroquinazolines (Preparation and Properties)
1 ,2 -Dihydroquinazoline is not known but derivatives of 1 ,2 -dihydro- 
4 (377) quinazolinones with a substituent on N-3 have been prepared
Higashino, Yakugaku Zasshi 79, 699, 831 (1959) (English Summaries); 
Chem. Ahstr. 53, 21997 (1959).
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from substituted anthranilamides using formaldehyde or methylene- 
diamines which acted in a similar way.®® Similarly 2,2-dimethyl de-
RNH.
RNH'
:CH.
NHR'
rivatives [e.g. (41)] were obtained by using acetone in place of 
formaldehyde.®® In the dihydro compound (41) when X  is SH it can 
be methylated and the resulting thioether group replaced by amines 
in the usual way. 5,6-Benzo-l,2-dihydro-4(3iil)quinazolinone was pre-
XH
M egCO
[41]
pared by reduction of 5,6-benzo-4-hydroxyquinazoline with lithium 
aluminum hydride.^®®
1,4- and 3,4-Dihydroquinazolines are tautomeric but any attempts 
to prepare the former without a 1 -substituent have led to the latter. 
The greater stability to proto tropic change of 1,2 -dihydronaphthalene 
over 1,4-dihydronaphthalene is also found in 3,4-dihydroquinazoline.^^ 
Earlier claims to the preparation of 1,4-dihydroquinazolines^®^ were 
erroneous and based on incomplete experimental data. The first 1,4- 
dihydroquinazoline was prepared as recently as 1961.^  ^ 1-Methyl and 
l-benzyl-l,4-dihydroquinazolines were obtained from o-methylamino- 
and o-benzylamino-benzylamines (42) by formylation and ring clo­
sure. Attempts to remove the benzyl group gave 3,4-dihydroquinazoline. 
These l,4-dihydro compounds are susceptible to oxidation, and at­
tempts made to prepare 1 ,2-dimethyl-l,4-dihydroquinazoline from o-
R. Feldman and E. C. Wagner, / .  Org. Chem. 7, 31 (1942).
 ^H. C. Carrington, J. Chem. Soc. p. 2527 (1955).
‘^” A. Etienne and M. Legrand, Compt. rend. acad. soi. 229, 1372 (1949).
Bischler, Ber. deut. chem. Ges. 26, 1891 (1893).
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NH
NHR
[42]
methylaminobenzyl chloride hydrochloride (43) and acetonitrile in 
the presence of stannic chloride gave l,2-dim ethyl-4(li7)quinazolin- 
oned°^ It has, however, been shown by infrared spectra that the tin 
complex contained the 1 ,4-dihydroqninazoline. l-M ethyl-l,4-dihydro-
NH
Me Cl
O
MeCN
SnCl^
-  tin com plex
Me
Me
[43]
quinazoline is a hygroscopic liquid. It is a strong base (pKa 9.43)^^ 
as expected for a cyclic ami dine.
3,4-Dihydroquinazolines are stable and a large number have been 
prepared. They have been synthesized by reductive cyclization of acyl 
derivatives of o-nitrobenzylamines,^°^ and by acylation of o-amino- 
benzylamines followed by ring closure.^® The ring closure can be 
effected by heating with anhydrous zinc chloride^°^ or by distillation.**^
H
NHR
^ " " ^ N H C O R '
N— R
Catalytic reduction of quinazolines unsubstituted in position 4 
using palladium-charcoal, palladium on calcium carbonate, Raney 
nickel, or Adam's platinum has been used for preparing 3,4-dihydro-
Lora-Tamayo, R. Mandronero, and G. G. Munoz, Chem. Ber. 94, 208
(1961).
Gabriel and R. Jansen, Ber. deut. chem. Ges. 23, 2807 (1890); ibid. 24, 
3091 (1891); C. Wolff, ibid. 25, 3030 (1892).
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quinazolines.^® Reduction with Adam’s platinum normally stops after 
absorption of one molecule of hydrogen, possibly owing to poisoning 
of the catalyst."^  ^ A large number of 3,4-dihydroquinazolines have 
been obtained by reaction of o-aminobenzyl chloride hydrochloride 
and its derivatives with alkyl or aryl nitriles in the presence of stannic 
chloride. One of the mechanisms proposed involves the intermediate 
formation of 1 ,4-dihydroquinazolines^°^ (Scheme 8 ).
Cl
c — RC— R C— RNH, NH NH,
NH
S ch em e  8
p-Substituted anilines condense with formaldehyde at room temper­
ature to give 3-aryl-3,4-dihydroquinazolines and the reaction has 
been studied in some d e t a i l . T h e  ortho positions in the anilines must 
be available for substitution and, among other products, the tetra-
[45]
R. Miller and E. C. Wagner, J. Am. Chem. Soc. 64, 832 (1941) and previous 
papers.
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hydroquinazolines (45) are formed but these can be oxidized to the 
dihydro derivatives with manganese dioxide^°^ [e.g. (45), R =  M e]. 
Oxidation of 1,2,3,4-tetrahydroqninazoline to the 3,4-dihydro deriva­
tive has also been achieved with lead tetraacetate and with potassium  
ferricyanide.®^
3.4-Dihydroquinazolines are also products of the reaction of quin­
azoline with nucleophilic reagents (see Section II,B ).
3.4-Dihydroquinazolines are normally stable compounds but they 
deteriorate on long standing. Some examples are known to oxidize to 
the corresponding 4 (31^) quinazolinones. 3-Methyl-3,4-dihydroquin- 
azoline is converted to the 4-oxo compound after three recrystalliza­
tions from light p e t r o l e u m .T h e  most remarkable example is 3,4- 
dihydro-6-fluoro-3(p-fiuorophenyl)quinazoline [(44),  R =  F] which 
oxidizes at its melting point (137°-138°C ). Other halogenated deriva­
tives of (44) are more stable.^®®
3.4-Dihydroquinazolines are oxidized to quinazolines with alkaline 
potassium ferricyanide (see Section VI,A,1 ).
The parent substance, 3,4-dihydroquinazoline, is strongly basic 
{pKa 9.19) on account of the amidinium resonance present in the 
cation. Spectroscopic evidence favors this resonance and is illustrated
by the close similarity of the ultraviolet spectra of the cations but 
not the neutral molecules of 1 -m ethyl-1,4-dihydro- and 3-methyl-3,4- 
dihydro-quinazolines .^ 2 Substituents in position 4 (SO3", CN, and Me) 
in 3,4-dihydroquinazoline produce only small and irregular displace­
ment of the major band at 280 m/x, but a hydroxy group in that 
position (as in hydrated quinazoline and 3-methyl-4-hydroxy-3,4- 
dihydroqninazoline) causes a large and unexplained hypsochromic 
shift.^®
Although some tautomerism between 1,4- and 3,4-dihydroquinaz­
oline is theoretically possible, the dihydro compound always behaves 
as the 3,4-derivative except, of course, when a substituent is on N -1 .
M. Fales, J. Am. Chem. Soc. 77, 5118 (1955).
W. V. Farrer, J. Chem. Soc. p. 3253 (1954).
286 w. L. F. ARMAREGO
Thus dihydroquinazoline is methylated almost exclusively on N-3. 
Whatever the amount of 1,4-dihydroqninazoline present in equilibrium 
with 3,4-dihydroquinazoline, the same cation is formed in each case.
3,4-Dihydro-2-hydroxyquinazolines have been prepared by cyclizing 
o-ureidobenzyl alcohols with hydrochloric acid^ ® and can be prepared 
less conveniently from o-aminobenzylamines and phosgene^®  ^ (see 3a).
CHgOH
NHC—NHR 
X
[3a]
[where X = O or S]
The thio analogs are similarly prepared by using carbon disulfide 
instead of phosgene. These compounds react as cyclic ureas and 
thioureas.
Further reduction of 3,4-dihydroquinazoline to 1,2,3,4-tetrahy dr o- 
quinazoline is more difficult, but it can be accomplished with sodium 
amalgam^ or by catalytic reduction with palladium-charcoal.®^
1,2,3,4-Tetrahydroquinazolines have also been prepared by condens­
ing o-aminobenzylamines with various aldehydes^®® and with form­
aldehyde or methylenediamines®® (see 3b).
R" CHO R'
kA™  -------  U -M A "
R R
[3b]
Reduction of 3-m ethyl-4(3i/)quinazolinone with lithium aluminum 
hydride is known to give 3-m ethyl-1,2,3,4-tetrahydroqninazoline.®^ 
The most interesting tetrahydroquinazoline is Troger’s base^ °® 
since it has added to our knowledge of the stereochemistry of tri-
Busch, J. prakt. Chem. [1] 52, 373 (1895).
Busch, J. prakt. Chem. [2] 53, 414 (1896).
Troger, J. prakt. Chem. [2] 36, 227 (1887) ; see also M. Aroney, L. H. L.
Chia, and R. J. W. Le Fèvre, J. Chem. Soc. p. 4144 (1961).
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T roger 's base
valent nitrogen. It was resolved by Prelog and Wieland^^® by chroma­
tography on an activated d-lactose column, and the highest rotation 
observed was =  350° (CHCI3).
1,2,3,4-Tetrahydroquinazolines are cyclic methylene diamines and 
are, therefore, readily hydrolyzed by acid to the corresponding 0- 
aminobenzylamines. 1,2,3,4-Tetrahydroqninazoline is a strong base 
(pKa 7.65), though it is not as strong as 3,4-dihydroquinazoline be­
cause of the absence of amidinium resonance in the cation. The ultra­
violet spectrum is only slightly altered on protonation clearly indi­
cating that it takes place on N-3.^^
5,6,7,8-Tetrahydroquinazolines are more conveniently classified as
4,5-tetramethylene pyrimidines and their reactions are accordingly 
typical of pyrimidines. 2,4-Disubstituted derivatives have been pre­
pared by condensation of 1-ethoxycarbonyl cyclohexanones with ureas 
and thioureas^^ ’^ -^2 (Scheme 9). For monosubstituted derivatives the
NHj,
V i
C O gEt /
SH
SH
S c h e m e  9
V. Prelog and P. Wieland, Helv. Chim. Acta 23, 1127 (1944).
F. H. S. Curd, D. N. Richardson, and F. L. Rose, J. Chem. Soc. p. 378 (1946) 
J. I. De Graw, L. Goodman, and B. R. Baker, J. Org. Chem. 26, 1156 (1961)
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condensation of 1-formyl cyclohexanone with amidines yields 2-alkyl- 
or 2-aryl-5,6,7,8-tetrahydroquinazolines, and these have been dehydro­
genated in good yields to 2-alkyl- or aryl-quinazolines^^^ (Scheme 10).
NH
H 2N
S c h em e  10
The parent substance, a high boiling liquid (bp 225°-230°C), was 
prepared by replacing the amidine by formamide. 1^ 1 4
VI. Methods of Preparation
The usual syntheses of quinazolines make use of an 0 -disubstituted 
benzene structure (46) from which the quinazoline skeleton is com­
pleted by adding C-2 and N-3 in various ways. Substituents could 
either be in (a) the pyrimidine ring or (b) the benzene ring or in 
both rings. The syntheses will be described in this order and the 
methods used for (a) apply equally well to quinazolines substituted 
in both rings.
3
c .
[46\
A. Qu in a zo lin es  Su bstitu ted  in  t h e  P y r im id in e  R ing
1. Alkyl- and Aryl-quinazolines
These quinazolines are obtained in high yields by heating o-acyl 
(and formyl) anilides in a sealed tube with saturated alcoholic 
ammonia for a few hours' 2^,115 (ggg 4a). A variant of this method
H. E. Baumgarten, P. L. Greger, and C. E. Villars, J. Am. Chem. Soc. 80, 
6609 (1958).
”'‘H. Bredereck, R. Gompper, and G. Morlock, Chem. Ber. 90, 942 (1957). 
““K. Schofield, T. Swain, and R. S. Theobald, J. Chem. Soc. p. 1924 (1952).
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NH,
NHCOR'
[4a ]
in v o lv es  th e p assage o f am m on ia  through  a fused  m ixture o f th e
o -k eto a n ilid es  and sod ium  a ce ta te  a t  
O xidation  of 3 ,4 -d ih yd roq u in azo lin es w ith  a lk a lin e  p o tassiu m  ferri­
cya n id e  g ives qu in azo lines in  good yields '^^^»^^»^  ^ (see 4 b ) . T h is  oxi-
R  .H  
NH
[4b]
[R = H, Me, Ph, CN]
d izing  agen t is q u ite  specific  and other ox id iz in g  agen ts (e.g ., KM nO^  
and H 2 O 2 ) are n o t as sa tis fa c to ry . W hen  R  is É-b u ty l, how ever, o x id a ­
tio n  w ith  ferr icyan id e y ie ld s  q u in azo lin e  w ith  e lim in a tio n  o f th e
i-b u ty l group.
D eca rb o x y la tio n  of a -(4 -q u in a z o lin y l)  a cetic  esters in  a lk a lin e  so lu ­
tio n  is u sefu l for th e preparation  of less rea d ily  accessib le  4 -a lk y l  
q u in azo lines (see 4 c ) . T h is  m eth od  is lim ited  to  d er iv a tiv es  w here
R
R — CH
[4c]
R  =  a lk y l, aryl, or C 0 2 E t and R ' =  A cid  h y d ro ly sis , p articu lar ly  
w hen  R ' =  C N  or C 0 2 E t, leads to  c lea v a g e  o f a C— C bond w ith  the  
form ation  o f 4 -h yd roxyq u in azo lin e . S o d io d ie th y lm a lo n a te  condenses  
w ith  4-ch loroq u in azo lin e to  g iv e  d ie th y l 4 -q u in a zo lin y lm a lo n a te  (a  
reaction  cla im ed  to  be h ig h ly  u n usu al for a h etero cy c lic  chloro com - 
pound^n w hereas sodioethylacetoacetate"^^ or sod iobenzylacetoacetate^^
K. Schofield, J. Chem. Soc. p. 4034 (1954).
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y ie ld , resp ectiv e ly , e th y l and b en zy l 4 -q u in a zo lin y la ce ta te  w ith  loss  
of th e a ce ty l group. T h e m ech an ism  p ostu la ted  for th e  c lea v a g e  of 
th e in term ed ia te  4 -q u in a zo lin y la ce to a ceta te  is presented  in  Schem e 11.
R O j C
C H ^CH—COCH CHCOoR
COCH
S c h e m e  11
R ed u ction  o f p yrim id in e su b stitu ted  q u in azoline 3 -ox id es, ca ta -  
ly t ic a lly  or w ith  phosphorus trich loride, a lso  leads to quinazolines.^^*®^
W hen o-am in ob en zop h en one is h eated  w ith  form am ide in  th e  pres­
ence o f form ic acid  a t  150°C  for 20  m in, a q u a n tita tiv e  y ie ld  o f 4 -  
p h en y lq u in azo lin e  is obtained.^^^ In  th e absence o f form ic acid  longer 
h eatin g  is n ecessary . A lth ou gh  th is  reaction  does n o t proceed w ith  
o -acy lam id ob en zop h en on es, its  exten sion  to  other o -a cy la n ilin es  w ith  
a lip h a tic  am ides m a y  prove fru itfu l.
2. H ydroxy quinazolines
H y d ro x y  qu in azo lines (q u in azo lin on es) are, in  so lu tion , a tau tom eric
Palazzo, Boll, sedute accad. Gioenia sci. nat. Catania 71 (227), 75 (1959); 
Chem. Ahstr. 55, 12412 (1961).
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m ixtu re o f th e  la c ta m  and th e la c tim  form . F or s im p lic ity  th e y  are 
referred  to  as h yd roxy  com pounds, b u t o n ly  w hen  N -1  or N -3  is  
u n su b stitu ted , and are n orm ally  draw n in  th e  la c ta m  form . T h e  
Chemical Abstracts  n om en clatu re is ad op ted  for N -1  and N -3  d er iv a ­
tiv e s  o f h yd roxyq u in azo lin es, i.e ., 3 - and 1-m eth y l d er iv a tiv es  are 
w ritten  as 3 -m e th y l-4 (3 i/)q u in a z o lin o n e  and l - m e t h y l- 4 ( l iJ ) q u in -  
azolinone, resp ectiv e ly . T h ese  com pounds form  th e la rg est group of  
k n ow n  q u in azoline d eriva tives . T h is  abu nd an ce is due to  th e  ease  o f  
th eir  preparation  from  accessib le  in term ed ia tes so th a t  th e y  h ave  
o ften  been used  as th e  source of other q u in azolines.
2 -H y d ro q u in a zo lin es  h a v e  been  prepared b y  fu sin g  o -a c y l (an d  
form yl) an ilin es w ith  urea,^^® and the p aren t su b stan ce  has a lso  been  
prepared b y  fu sin g  p o tassiu m  isa tin a te  w ith  urea or u reth an e fo llow ed  
b y  decarboxylation.^^®
COnK
urea
COoK
H
-COr
4 -H y d ro x y q u in a zo lin es  are m ost co n v en ien tly  ob ta in ed  b y  th e  
N iem en to w sk i reaction^^® w hereb y  an an th ran ilic  acid  is  fu sed  w ith  
an a lip h a tic  am ide. T h is  reaction  h as been used  ex ten s iv e ly  and th e  
y ie ld s  are g en era lly  over 50% .
C O 2H
Û C '
RCONH,
[47]
”®S. Gabriel and T. Posner, Ber. deut. chem. Ges. 28, 1029 (1895); S. Gabriel 
and R. Stelzner, 29, 1300 (1896).
”®G. J. Stefanavic, Lj. Lorenc, and M. Lj. Michaelovic, Rec. irav. chim. 80, 149 
(1961).
Niementowski, J. prakt. Chem. [2] 51, 564 (1895).
B. Ben and P. R. Singh, J. Indian Chem. Soc. 36, 787 (1959).
^^“B. R. Baker, R. E. Schanb, J. P. Joseph, F. J. McEvoy, and J. H. Williams, 
J. Org. Chem. 17, 141 (1952).
W. L. F. Arm are go, J. Appl. Chem. 11, 70 (1961).
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I t  w as found in a d v isa b le  to  use m ore th an  four m olecu les o f form ­
am ide [(4 7 )  w hen R  =  H ] per m olecu le  o f an th ran ilic  acid  and the  
con d en sation  produces b est resu lts w hen  th e m ixture is h eated  a t  
1 2 0 ° -1 3 0 °C  for 2 hr fo llow ed  b y  further h ea tin g  a t  170°~ 180°C  for 
2 hr. O ther va r ia n ts  o f th is  reaction  in v o lv e  th e  use o f am m onium  
o-a cy la m in o b en zo a tes, an th ran ilic  acid  in th e  presence o f n itr iles  and  
a cetic  anhydride, o -aceta m id o n itr ile  w ith  a cetic  an h ydrid e or h yd ro ­
gen peroxide, an th ran ilic  esters and a lip h a tic  or arom atic  am ides or 
am id ines, isa to ic  an h ydrid e w ith  am ides or amidines,^^^ and a n ­
th ran ilic  esters w ith  ary l im inoch lorid es in  acetone.^^® T h e m ech an ism  
proposed  by  B ogert and Gotthelf^^® has had experim ental support^ 
and is represented  in Schem e 12.
24
CO,R'
+ RCONH. a CO,R + NH.NHCOR
CONH.
NHCOR
S c h e m e  12
In  cases w here d ecarb oxy la tion  is a n tic ip a ted , th e  q u inazo linone  
could  be ob ta in ed  b y  h eatin g  am m onium  o-form am id ob en zoate  or o- 
form am idobenzam ide for severa l h o u r s . T h i s  ring closure could  
be effected  m ore co n v en ien tly  by  b o ilin g  th e  o -form am id ob en zam id e  
w ith  3%  aqueous sodium  hydroxide for a few  m i n u t e s . o - A m i n o -  
benzam ides h ave  also  been con verted  to  q u in azolinon es by  refluxing  
w ith  e th y l orth oform ate a lone or p referab ly  in  the presence o f acetic  
anhydride.
See J. F. Meyer and E. C. Wagner, J. Org. Chem. 8, 239 (1943) for cross 
references.
R. Levy and H. Stephen, J. Chem. Soc. p. 985 (1956).
120 M. T. Bogert and A. H. Gotthelf, J. Am. Chem. Soc. 22, 129 (1900).
M. T. Bogert and H. S. Steiner, J. Am. Chem. Soc. 27, 1327 (1905).
A. Ahmed, N. S. Narang, and J. N. Ray, J. Indian Chem. Soc. 15, 152 (1938). 
■^®R. H. Clarke and E. C. Wagner, J. Org. Chem. 9, 55 (1944); M. K. McKee, 
R. L. McKee, and R. W. Bost, J. Am. Chem. Soc. 69, 184 (1947).
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A cetan th ran ils  react ex o th erm ica lly  w ith  am in es to  y ie ld  2 ,3- 
d isu b stitu ted  4-quinazolinones*^®’^ ®®"^ ®^ (see 5 a ) . 2 ,3 -D isu b stitu te d
RNH
[5a ]
H,allyi,aryl,NH 2 ,OH,or CHgCOgH and 
O or SI
4 (3Lf) q u in azolinon es, w hich  are d er iv a tiv es  o f th e  la c ta m  form  of 4 -  
h yd roxyq u in azo lin e , are a lso  rea d ily  ob ta in ed  b y  b o ilin g  a so lu tion  
of o -acy la m id o b en zo ic  acid  in  an in ert so lv en t w ith  th e required
COgH
NHCOCH,
RNH. N—R
am ine in  th e presence o f phosphorus trich loride or oxychloride^®® (see  
5 b ). o -A cy lam in ob en zo ic  esters h a v e  also  been used  in  th is  ty p e  of 
reaction.^®"^
o -A cy lam in ob en zon itr iles  are su ccessfu lly  con verted  to  4 -m eth o x y -  
qu in azo lin es w hich  are ea s ily  h yd ro lyzed  to  th e  corresponding 4-  
h yd roxy  compounds^® (see 5 c ) . M ore th an  one m olecu lar proportion  
o f m eth oxid e is n ecessary  for th e  reaction  in  order to  avo id  d é a c y la ­
tion . T h is  m ethod  is superior to  the earlier reaction s w ith  o -a c y l-
R. Baker, M. V. Qiieny, A. F. Kadish, and J. H. Williams, J. Org. Chem. 
17, 35 (1952).
i3iM. T. Bogert and V. J. Chambers, J. Am. Chem. Soc. 27, 649 (1905); M. T. 
Bogert and H. A. Soil, ibid. 28, 884 (1906) ; P. A. Petyunin and Yu. V. Kozhev­
nikov, Zhur. Obshchei Khim.  30, 2352 (1960).
L. Legrand and N. Lozach, Bidl. Soc. chim. France 7, 1400 (1961).
S. Mewada, S. R. Patel, and N. M. Shah, J. Indian Chem. Soc. 32, 199, 
483 (1955) ; R. 8. Salimath, S. R. Patel, and N. M. Shah, ibid. 33, 140 (1956) ;
G. Serventi and R. Marchesi, Boll. sci. fac. chim. ind. Bologna 15, 117 (1957) 
and Chem. Abstr. 52, 9147 (1958) ; Josef Klosa, J. prakt. Chem. [4] 14, 
84 (1961).
^^F. Dallacker, D. Hollingcr, and M. Lipp, Monatsh. Chem. 91, 1134 (1960) 
and previous papers.
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OMe
a ^ N
NHCOMe
NaOMe 
 ► o i l HMe
aminobenzonitriles^^® and m a y  find fu ture ap p lica tion  in  v iew  o f the  
now  m ore read y  a cce ss ib ility  o f o-aminobenzonitriles^^® from  isa tin  
oxim es.
2 ,4 -D ih y d ro x y  q u in azo line  (b en zoy len e  urea) h as been prepared by  
fu sin g  urea w ith  an th ran ilic  acid^^^ or b etter from  2-u reid ob en zoic  
acidd^® I t  can  also  be prepared from  o -eth oxycarb on y lam in ob en zon i-  
tr ile  and sod ium  m eth oxid e fo llow ed  by  hydrolysis^®® (see 5d ).
OMe
NaOMe
H ea tin g  ary lam in es w ith  carbon d ioxide a t  20 0 °C  (8500 a tm ) g ives  
good y ie ld s  o f 3 -a ry l d er iv a tiv es  o f 2 ,4 -d ih yd roxy  quinazoline^^® (see  
5 e ) . T h e m ethod  is  u n sa tisfa c to ry  w hen  riitro, halo , and phenolic  
an ilin es and a- or ^ -n a p h th y la m in es  are used.
R'
R' O
CO,
R'
3. Chloro quinazolines
C hloroq u in azo lines are ob ta in ed  from  th e corresponding h yd roxy
135 M, T. Bogert and W. F. Hand, J. Am. Chem. Soc. 24, 1031 (1902).
R. Bedford and M. W, Partridge, J. Chem. Soc. p. 1633 (1959).
F. E. Sheibley, J. Org. Chem. 12, 743 (1947).
”“N. A. Lange and F. E. Sheibley, Org. Syntheses Collective Vol. II, 79 (1943). 
K. W. Breukink and P. E. Verkade, Rec. trav. chim. 79, 443 (1960).
L. Cairns, D. D. Coffman, and W. W. Gilbert, J. Am. Chem. Soc. 79, 
4405 (1957).
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com pounds and are v a lu a b le  in term ed ia tes for th e  p reparation  of a 
large num ber o f q u in azo lin es su b stitu ted  in  th e  p yrim id in e ring. 
T h ese ch lor in ation s are b est accom p lished  w hen  a lit t le  m ore th a n  
one eq u iv a len t o f phosphorus p en tach loride is used  in  phosphorus  
oxych lorid e. W hereas th e  la tter  a lon e is rarely  sa tis fa c to ry , an excess  
o f phosphorus p en tach loride in phosphorus oxych lorid e has been  
found som etim es to  cause further chlorination.®^*^®'^®® 
2-C h loroq u in azo lin e can  be iso la ted , a t  b est in  4 0 ^  y ie ld , by  
boiling  2 -h y d ro x y q u in a zo lin e  w ith  phosphorus p en tach loride in  p h os­
phorus oxych lor id e for 45 min,^^® and a ttem p ts  to  im p rove th is  y ie ld  
h ave proved  fru itless. T h e y ie ld s  are m uch h igher w hen  an ary l 
group’*® is in  p osition  4 w hich  su ggests  an  a tta ck  of th e  3 ,4 -d ou b le  
bond in 2 -h y d ro x y - and 2 -ch loro -q u in a zo lin es  b y  th e  ch lor in atin g  
agent.
A  large num ber of 4 -ch loroq u in azo lin es h a v e  been prepared b y  the  
m ethod  described  for the 2 -ch loro  com pound usin g  the resp ective  4- 
hydroxyquinazolines.®^'^®'»^^® T h e reaction  tim e  depends on th e so lu ­
b ility  o f th e  h yd roxy  com pound and on its  r ea c tiv ity . T h e h yd roxy-  
q u in azo line and jihosphorus p en tach loride in  phosphorus oxych lor id e  
are u su a lly  boiled  u n til a clear so lu tion  is ob ta in ed  fo llow ed  by  fur­
ther boiling  for 1 5 -3 0  m in  in  order to  com p lete  the reaction . T h e  
w orking up of th e  product depends g rea tly  on th e  la b ility  o f th e  
product. W hen the h alogen  atom  is very  rea c tiv e , as in  4 -ch loroq u in -  
azolinc, con d en sation  o f it  w ith  4 -h y d ro x y q u in a zo lin e ’® (from  startin g  
m ateria l or form ed by h y d ro ly sis) leads to  poorer y ie ld s. T h is  diffi­
cu lty  is overcom e by  rem oval o f th e 4 -h y d ro x y  com pound (e.g ., by  
chrom atograp h y over a l u m i n a ) . S u b l i m a t i o n  has been  used^^ 
for p u rify in g  ch loroqu in azolin es b u t th is  is n o t ad v isa b le  because of  
th e  risk o f se lf-q u a tern iza tio n .
2 ,4 -D ich lo ro q u in a zo lin es  h a v e  been prepared from  the corresponding
2 ,4 -d ih y d ro x y  com pounds by  h ea tin g  for a few  hours w ith  phosphorus 
oxych lorid e in  th e  presence o f d im eth y la n ilin e  or phosphorus p en ta -  
chloride.^**^ T h ese  are m ore sta b le  th an  th e  m onochloro com pounds  
and can be d istilled  in  vacu u m  w ith o u t appreciab le decom position .
Q u in azolin es su b stitu ted  in  th e  p yrim id in e ring w ith  fluoro, brom o, 
or iodo atom s are n o t know n.
11. S. Card, J. K. Landquist, and F. L. Rose, J. Chem. Soc. p. 775 (1947); 
ibid. p. 1759 (1948).
2 9 6  w .  L. F . ARMAREGO
4. Ethers
2 -, 4 -, and 2 ,4 -A lk y l-  and ary l-e th ers  are b est prepared from  the  
corresponding ch loroqu in azo lin es and m eta l a lk oxid e or aryloxided^^
5. Amino quinazolines
A m in oq u inazo lin es h ave  been the su b jec t o f considerab le in v estig a ­
tion  and a large num ber of d er iv a tiv es  h ave  been prepared as p o ten ­
tia l an tim alar ia ls . T h e secon d ary  and tertia ry  am ino com pounds can  
be prepared from  th e corresponding ch loroqu inazolines and th e re­
quired p rim ary or secon d ary  a m i n e s . T h e  reaction  depends  
on th e r e a c tiv ity  o f th e  ha logen  atom , e.g., th e  4-ch loro  atom  reacts  
m ore read ily  th an  th e 2 -ch loro  atom  in quinazolines®®»^^® and also  on  
th e  basic strength  o f th e  am ine u sed ’"*® (see 6 a ) . T h e reaction  is
NHR NHR
R  n H.^RNH
N NHR
n orm ally  carried ou t by h eatin g  th e ch loroqu inazoline w ith  the am ine  
in  e th an ol in a sea led  tube,^^’ or in  the case o f n o n v o la tile  am ines, by  
refluxing in  an  in ert so lv en t (e.g ., n itrom eth an e) or w ith o u t a so l-  
vent.^^®
2-A m in oq u in azo lin e is b est ob ta in ed  b y  b o iling  o -am in ob en za ld e-  
h yd e w ith  guan id ine carbonate in  Decalin.®® o -A cy la n ilin es , also react 
w ith  cyan ogu an id in es to  g ive  2-guanidinoquinazolines.^^® A n exten sion  
o f th is  m ethod  m akes use o f aceton e an il as th e source o f o -am in o-  
acetophenone^®® (see 6 b ).
A.' Lange, W. E. Roush, and H. J. Asbek, J. Am. Chem. Soc. 52, 3696
(1930).
A. Kotz, J. prakt. Chem. [2] 47, 303 (1893).
Biniecki and E. Muszynski, Acta Polon. Pharm. 17, 99 (1960); Chem.
Abstr. 54, 21119 (1960).
^^“E. Vopica and N. A. Lange, J. Am. Chem. Soc. 57, 1068 (1935).
S. Morley and J. C. E. Simpson, J. Chem. Soc. p. 1014 (1949).
J. S. Dewar, J. Chem. Soc. p. 619 (1944).
N. B. Chapman and H. Taylor, Chem. Soc. p. 1908 (1961).
^^ ®L. F. Theiling and P. L. McKee, J. Am. Chem. Soc. 74, 1834 (1952).
P. Brown, Chem. & Ind. London No. 9, p. 233 (1960).
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CH
CH
C H 3
H
CH
di cy anodi am ide 
---------------------- NH
NH — C
[6b]
D ir e c t  rep lacem en t o f m eth o x y , m ercapto , and m eth y lm ercap to  
groups b y  am ino or su b stitu ted  am ino groups h as been u sed  for th e  
p reparation  o f 4-aIkylam inoquinazolines.® °’^ ^^  Som e 2 -a Ik y la m in o q u in -  
azo lin es h a v e  been prepared m o st co n v en ien tly  b y  d isp lacem en t o f  
th e  m eth y lm ercap to  group®^ (see 6 c ) .
NHR
C N
[6c]
[where X = OMe, SH, SMe]
2-A m in oq u in azo lin e  has a lso  been prepared b y  fu sin g  a m ixture  
of p otassiu m  isa tin a te  and guan id ine fo llow ed  by  d ecarb oxy la tion  of 
th e  resu lting  2 -a m in oq u in azo lin e  4 -ca rb o x y lic  acid.^^®
o-A m in ob en zon itr iles undergo in term olecu lar con d en sation s w ith  
arom atic  n itr iles  in  basic m ed ia  to  g iv e  2 -a ry l-4 -a m in o q u in a zo lin es  in  
good y ie ld s. T h is  reaction  co n stitu tes  a general m ethod  for th e  sy n ­
th esis  o f 4 -am in op yrim id in e  heterocycles®^ (see 6 d ).
+ RCN [6d]
6. Mercaptoquinazolines
M ercap toq u in azo lin es can  be prepared u sin g  m ethods ap p licab le  
to  h yd roxyq u in azo lin es bu t th e  rare a v a ila b ility  o f th e  in term ed ia tes  
(e.g ., o -am in od ith iob en zo ic  ac id ) lim its  th ese  m eth od s con sid erab ly . 
2-M ercap toq u in azo lin e  is b est ob ta in ed  from  2-ch loroq u in azo lin e
N. J. Leonard and D. Y. Curtin, J. Org. Chem. 11, 349 (1946).
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b y  reaction  w ith  an a lk a li hydrogen  s u lf id e / a m eth od  th a t  w as  
p rev io u sly  used  to  prepare 4 -m ercap to - and 2 ,4 -d im ercap to -q u in -  
a z o lin e s .^ ^ ^
F u sion  of 4 -h yd ro x y q u in a zo lin e  w ith  phosphorus p en tasu lfid e y ie ld s  
4-mercaptoquinazoline^®^ and, s im ila r ly , su b stitu ted  2 ,4 -d im ercap to -  
q u in azolines h ave  been ob ta in ed  from  th e  corresponding d ih yd roxy  
compounds.®® T h e greater r e a c tiv ity  o f th e  4 -m ercap to  as com pared  
w ith  th e  2 -m ercap to  group has p erm itted  th e preparation  of 4 -a m in o -
2 -m ercap toq u in azo lin es (see 7 a ).
NHR
NH RNHNH P,S
[7a]
NHR
2 ,3 -D isu b stitu te d  d er iv a tiv es  of 4 -m ercap toq u in azo lin es w ere o b ­
ta in ed  in  good y ie ld s  b y  reaction  o f 5 ,6 -b en zo -l,3 -th ia z in e -4 -th io n e  
w ith  amines^®^ (see 7 b ).
R’NH, N—R' [7b]
3 -S u b stitu ted  2 -m ercap to -4  (3 /7 ) q u in azolinon es w ere prepared by  
condensing m eth y l an th ran ila te  w ith  isothiocyanates^®^ (see 7 c ).
COgMe
RNCS N—R
B .  Q u i n a z o l i n e s  S u b s t i t u t e d  i n  t h e  B e n z e n e  R i n g
A  re la tiv e ly  sm all num ber of q u in azolines u n su b stitu ted  in  the  
p yrim id in e ring are know n. F our d is t in c tly  d ifferent m ethods are
“^“J. E. MacCarty, E. L. Haines, and C. A. VanderWerf, J. Am. Chem. Soc. 
82, 964 (1960).
QUINAZOLINES 2 9 9
a v a ila b le  for th e  p reparation  o f q u in azo lin e and th ese  h a v e  been  u sed  
for th e  sy n th es is  o f b en z-su b stitu ted  q u in azolines.
Dehalo g enation  o f ch loroqu in azolin e h as been carried  ou t in  a 
num ber of ways^»^^  ^ and o n ly  th e  m ore sa tis fa c to r y  w ill be described  
here. 4 -C h loroq u in azo lin e  has been reduced  c a ta ly t ic a lly  w ith  th e  
ab sorp tion  of tw o  m olecu lar proportions o f h yd rogen  w ith  th e form a­
tio n  o f 3 ,4 -d ih yd roq u in azo lin e. T h e h a logen  a tom  in  4 -ch loroq u in ­
azo lin e  is lab ile  enough to  be rem oved  before ap p reciab le red u ction  
to  th e d ihydro com pound occurs; hence, if  th e  reduction  is  stopp ed  
after  absorp tion  o f one m olecu lar proportion  o f hydrogen , a good  
y ie ld  o f q u in azo lin e can  be ob ta in ed . 4 -C h loroq u in azo lin e  is h yd ro ­
ly zed  rea d ily  in  acid  so lu tion  and reductions are .carried ou t u sin g  
p a llad iu m  on ca lc iu m  carbonate®® or p a llad iu m  on m agn esiu m  oxide.®® 
A  m ore sa tis fa c to ry  w a y  o f k eep in g  th e  so lu tion  basic is  to  h yd ro ­
gen ate  w ith  10% p a llad iu m  on charcoal in  th e presence o f 1.5 eq u iv a ­
len ts o f sod ium  acetate.^^® T h e m ethod , w hich  depends on th e  reac­
t iv ity  o f th e  h a logen  atom , w as found u n sa tisfa c to r y  w hen  th e  rate  
of d eh a logen ation  w as o f th e  sam e order as th e  rate o f red u ction  to
3 ,4 -d ih yd ro - and 1,2,3,4-tetrahydro-quinazolines.^^  T h is is  a serious  
lim ita tio n  because th e  re a c tiv ity  o f th e  ha logen  a tom  in  benz- 
su b stitu ted  4 -ch loroq u in azo lin es is influenced b y  th e  nature and p o si­
tio n  o f th e  su b stitu en t. F urtherm ore th is  m eth od  can n ot be ap p lied  
to  th e  p reparation  of su b stitu ted  q u in azo lines w ith  reducib le groups  
(e.g ., N O 2 , C N ) .
T he ox id a tion  o f dihydro quinazolines has been used  to  prepare
6- and 8 -am in oq u in azo lin es am ong others.^^»®®
Of greater v e r sa t ility  is an  ex ten sion  of A lb ert and R o y e r ’s acrid ine  
synthesis.^®® T h e first su ccessfu l u se o f th is  in  th e  q u in azo line series  
w as for th e  rem oval o f th e ch lorine a tom  in  2 -ch lo ro -4 -p h en y lq u in -  
azoline,^® although  it  had  been used  p rev io u sly  to  prepare 8 -n itro -6 -  
m eth oxyq u in azo lin e  in  v ery  poor yield.^^^ T h e 4 -ch loroq u in azo lin e is 
converted  to  its  4 - (A '-to lu en e -p -su lfo n y lh y d r a z in o ) q u in azo line  h y ­
drochloride d er iv a tiv e  w hich  is  decom posed  w ith  a lk a li in  aqueous  
e th y len e  g ly co l a t 100°C  (Schem e 1 3 ). T h e y ie ld s  are h igh  (6 0 -7 0 % )  
w hen  R  is M e, 01, O M e bu t low  w hen  R  is NOg, and in  th e  la tter  case  
it  is  preferable to  use d ilu te  sod ium  carbonate as th e base.^^ T h is  
reaction  is u n sa tisfa c to ry  if  th e  u n su b stitu ted  p yrim id in e  ring is  u n ­
sta b le  tow ards a lk a li, as in  1,3 ,8 -tr iazan ap h th a len e  w here th e p yrim i-
Albert and R. Royer, J. Chem. Soc. p. 1148 (1949).
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QH^SOgNHNH;
quantitative
NHNHSOgQK; 
HCI
OH
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-t SO2  + Cl + N2
dîne is  degraded b y  d ilu te  a l k a l i , a n d ,  ap p aren tly , 2.2 eq u iv a len ts  
o f a lk a li are sufficient to  bring ab ou t th e  decom p osition  o f th e  h yd ra-  
zino d eriva tive . T h e reaction  tim e varies from  1 to  2 hr, and th e  
reaction  is com p leted  w hen  n itrogen  evo lu tion  stops. T h is  is  th e  on ly  
m eth od  a v a ila b le  for preparing q u in azo lin es w ith  reducib le groups.
A n  old  and sa tis fa c to ry  m eth od  is  th e  Riedel  synthesis^®^ in  w hich  
o-n itrob en za ld eh yd e is  converted  to  its  b isform am ido d er iva tive  fo l­
low ed  by  red u ctive  cy c liza tio n  w ith  zinc and a cetic  acid , or w ith  
iron and hydroch loric acid.^®® T h is  sy n th esis  has been used  to  m ak e
.NHCHO
/
CH— NHCHO
^  R
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variou s quinazolines,^^»®^’^ ®® but its  a p p lica tion  is  lim ited  by  th e  poor 
a v a ila b ility  o f su b stitu ted  o -n itrob en za ld eh yd es (Schem e 1 4 ).
R ed u ction  o f quinazoline oxides to  q u in azo lines, c a ta ly t ic a lly  
(R a n e y  n ick el, p a llad iu m  on ch arcoal) or w ith  iron and ferrous su l­
fa te  in  85%  a lcohol can be extended  to  th e p reparation  o f benz- 
su b stitu ted  quinazolines.^^'"^^
A. Riedel, German Patent 174,941 (1905), see M. T. Bogert and E. M.
McColm, J. Am. Chem. Soc. 49, 2650 (1927).
Adachi, Yakugaku Zasshi 75, 1423 (1955); Chem. Ahstr. 50, 10105 (1956). 
^  A. Albert and A. Hampton, J. Chem. Soc. p. 4985 (1952).
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VIL Quinazoline Alkaloids
A lk a lo id s  con ta in in g  a q u in azo lin e  n u cleu s form  a sm all b u t im ­
p ortan t group o f n atu ra l products and h a v e  been  iso la ted  from  a 
num ber o f d ifferent fa m ilies  in  th e p la n t k ingdom . T h e  q u in azo line  
a lk a lo id s are o f th e  four ty p es: (4 8 ) , (4 9 ) , (5 0 ) , and  (5 1 ). T h e stru c­
tures o f arborine,^®®^ p egan in e, feb rifu g ine, ru taecarp ine, and ev o d i-  
am ine h ave  been e lu c id a ted  b y  d egrad ation  and sy n th es is  and are d e­
scribed  in  recen t rev iew s on q u in azo lin e  alkaloids.^®’’
O
Me
Arborine
[48]
Peganine (vasicine) 
[49]
HO
N—CHXO—CH
Febrifugine
[5 f]
Rutaecarpine
[5ia]
, X j
HR Me HR
Evodiamine
[51b]
’“•Compare D. Chakravarti et al. (6 authors), Telrahedron 16, 224 (1961).
“’ J. R. Price, ForlKhr. Chem. org. Natursloge 13, 330 (1956); H, T. Openshaw, 
Alkaloids 3, 101 (1953) and ibid. 7, 247 (1960).
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P egan ine , a lso  referred to  as 3 -h yd roxyp egan e w as first iso la ted  
from  th e  lea v es  o f th e In d ian  p la n t Adhatoda vasica  N e e s  and has  
been used  for th e trea tm en t o f asthm a. R ecen tly  Spath  and K eoztler-  
Gandini^^® h ave iso la ted  Z-peganine, con tam in ated  w ith  an a lk a lo id , 
w hich  th ey  purified. T h e a n a ly tic a l figures in d ica ted  a h yd ro x y -  
peganine. I t  differed from  pegan ine in  being dextrorotatory . T h is  
su bstan ce w as id en tica l w ith  6-hydroxypeganine^®® and syn th esized  
by a route recen tly  d eveloped  for dZ-peganine^®® (Schem e 15).
X j
MeO. MeO
NH
Ethyl
acrylate
C O gE tNO NO
MeO MeO
1 . - C O g
2. NaBH^
Fe/AcOH
MeO
OH
1. COCl
I
C O gE t
2. Na/EtOH
COgEt
OH
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P egan in e  has tw o n itrogen  atom s and its  m on o a cid ity  is due to  the  
form ation  o f a cy c lic  am id in ium  cation . T h e Schopf-Oechler^^»^^^ 
schem e for th e sy n th esis  o f pegan ine from  o -am in ob en za ld eh yd e and
Spath and F. Keoztler-Gandini, Monatsh. Chem. 91, 1150 (1960).
159p Kuffner, G. Lenneis, and H. Bauer, Mannish. Chem. 91, 1152 (1960).
“^®P. L. Southwick and J. Casanova, J. Am. Chem. Soc. 80, 1168 (1958).
L. Macholan, Collection Czechoslov. Chem. Commun. 24, 550 (1959); L. 
Skursky, Z. Naturjorsch. 14B, 474 (1959).
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y -a m in o -a -h y d ro x y b u ty ra ld eh y d e  under ‘^physiological co n d itio n s” 
has been repeated^*^- and dZ-peganine w as iso la ted  in  39%  o v er-a ll  
y ie ld .
T h e structure of feb rifu g ine (th e  fam ou s C h a n ’ San  a lk a lo id  
k n ow n  sin ce 2 0 0  b .c . )  has been co m p lete ly  e lu c id a ted , b u t th a t  
of th e  isom er iso feb rifu g in e  w h ich  occurs w ith  i t  is  s t ill in  som e doubt. 
A ll ev id en ce p o in ts  to  th e  sem ik eta l structure (52) and, a lth ou gh  it  
is  rea d ily  con verted  to  feb rifu g ine , i t  does n o t rea c t w ith  k eton ic  
reagents.
Ü — O
[ 5 2 ]
NHMe
[53]
E vod iam in e, th e  a lk a lo id  from  th e  C hinese drug p la n t Evodia  
rutaecarpa  B en th . and H ook ., has a lso  been ca lled  rhetsine^®^ and its  
ox id a tion  product rhetsin ine, w hich  is a lso  found  in  nature, w as  
show n to  be th e d iam ide (53).^®^ R ecen tly  a h y p o ten siv e  red a lk a lo id  
iso la ted  from  the B ra z ilia n  p la n t Hortia arhorea E ngl, w as g iven  th e  
nam e hortiamine.^®^ D eg ra d a tio n  and sy n th etic  stud ies h ave  show n  
it  to  possess th e  structure (5 5 ). I t  w as found togeth er w ith  another
““N. J. Leonard and M. J. Martell, Jr., Tetrahedron Letters No. 25, 44 (1960). 
Chatterjee, S. Bose, and C. Ghosh, Tetrahedron 7, 257 (1959); see also 
K. W. Gopinath, T. R. Govindachari, and U. Ramatas Rao, ibid. 8, 293 (1959). 
*^” 1. J. Pachter. and G. Guld, J. Org. Chem. 25, 1680 (1960).
J. Pachter, R. F. Raffauf, G. E. Ullyot, and 0 . Ribiero, J. Am. Chem. Soc. 
82, 5187 (1960).
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v ery  c lo se ly  rela ted  a lk a lo id , h ortiacine, w hich  is 10 -m eth oxy  ru tae- 
carpine. H ortiam in e  has a lso  been iso la ted  from  H ortia  hraziliana 
V el. and syn th esized  in  q u a n tita tiv e  y ie ld  b y  reaction  o f th e  accessib le  
am ide (54) w ith  p o lyp h osp h oric acid.^®® T h e ch em istry  of hortiam ine
MeO
CO,H
NHMe
MeO
Hortiamine
[55]
Isohortiamine
[56\
has been stud ied  in  som e d eta il and there is ev id en ce th a t  an isom er, 
isoh ortiam ine (5 6 ) , a lso  occurs n a tu ra lly .
L ik e  p egan ine a lab oratory  sy n th esis  o f ru taecarp ine (51a) under  
‘‘p h ysio lo g ica l con d itio n s” h as been rea lized  b y  con d en sation  o f o- 
am in ob en za ld eh yd e w ith  a ^-carboline^®^ (Schem e 1 6 ).
V III . B io lo g ic a lly  A ctiv e  Q u in a zo lin es
M a n y  q u in azolines p ossessin g  a w id e v a r ie ty  o f b io log ica l a c tiv it ie s  
are know n. T h e an tim a lar ia l a c t iv ity  o f feb rifu g ine spurred the  
preparation  and testin g  o f a num ber o f quinazolines,^®® and severa l
J. Pachter, R. J. Mohrbacher, and D. E. Zacharias, J. Am. Chem. Soc. 83, 
635 (1961).
C. Schopf and H. Steuer, Ann. Chem. Liebigs 558, 124 (1947).
108 F. W. Wi'selogle, “Survey of Antimalarial Drugs 1941-45.” Edward Brothers, 
Ann Arbor, Michigan, 1946.
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K,Fe(CN),
PH7
70%
[51a]
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p a te n t  d a im s  h a v e  b e e n  m a d e  o n  q u in a z o lin e s  a s  in te r m e d ia te s  fo r  
p o te n t ia l  antim alarials.^® ^ T h e  c o m p o u n d s  (5 7 a )  a n d  (5 7 b )  w e r e  
sh o w n  to  h a v e  s ig n if ic a n t  a n t im a la r ia l  a c tiv ity /^ ®
CHgCOCHgR
\57a\ R = w -N-morpholylpropyl 
[576] R = CÜ-N -p ipe  ridyl-w-butyl
S e v e r a l 2 ,3 -d is u b s t i t u t e d -4 ( 3 / / ) q u in a z o l in o n e s  w e r e  a c t iv e  a g a in s t  
P la sm o d iu m  gallinaceum^'^^ a n d  sh o w e d  a n t i in f la m m a to r y  a c t io n  o n  
e x p e r im e n ta l e d e m a s  in  a n im a ls /^  6 -(7 ? z -A m id in o p h e n y ld ia z o a m in o )-
R. Baker and M. V. Querry (American Cyanamid C o.), U. S. Patent 
2,796,417, see Chem. Ahstr. 52, 459 (1958) ; B. R. Baker (American Cyanamid 
C o.), U. S. Patent 2,811,542, .see Chem. Ahstr. 52, 5488 (1958).
Y. M agidson and Y. K. Lu, Zhur. Ohshcher. Khim. 29, 2843 (1959) ; 
Chem. Ahstr. 54, 12144 (1960).
M. K . Jain and K . S. Narang, Research Bull. Punjah Univ. N o. 29, 51 (1953) ; 
Chem. Ahstr. 49, 1603 (1955), M . L. Baumi and M . S. D hatt, Current Sci. 
{India) 26, 85 (1957).
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4 -a m in o -l,2 -d im eth y lq u in a zo lin iu m  chloride hydroch loride (58) w as  
found v ery  effective  a g a in st th e  protozoan  p arasite  Babesia canis}' '^  ^
I t  has been patented^"^ and is referred to as M . and B .4986.
HCl
NH
Me
Me
Cl
[58]
A m ino- and h y d razin o -q u in azo lin es exh ib ited  an tib acter ia l ac-  
tivity^^^ and a p a ten t c la im  on th e in vitro  action  o f 2 ,4 -d iam in o-  
q u in azolines w as m ade/^^ T h e p reparation  o f th iop egan  d eriva tives  
as p o ten tia l a n tim a lar ia ls  and an tib acter ia ls  deserves mention.^"^® 
C om plete in h ib ition  o f influenza v irus in vitro  bu t n o t in vivo  w as  
show n by  6 ,8 -d ich loro -2 ,4 -d ih yd roxyq u in azo lin e  and other cyc lic  
u r e a s . A c t i v i t y  a g a in st trachom a virus w as also  d isp layed  by  s e v ­
eral 2-trichlorom ethylquinazolines.^^®
7 -C h lo r o -6 -su lfo n a m id o -4 (3 //)q u in a z o lin o n e s  are m ore effective  
th an  the m ercury d iuretics and can be adm in istered  o r a l l y . T h e  1,2- 
dihydro d eriv a tiv es  are even  m ore effective^®® and one (59) has been  
m ark eted  under th e nam e '‘Q u in eth azon e.”
2 -A lk y l-3 -a r y l-4  (377) q u in azolinon es a ffect the nervous sy stem  in  a
S. Berg and J. M. S. Lucas, Nature 189, 64 (1961); S. S. Berg, J. Chem. 
Soc. p. 4041 (1961).
S. Berg (May & Baker Ltd.), British Patent 858,814, see Chem. Ahstr. 55, 
12434 (1961).
’’‘ K. Asano and S. Asai, Yokugaku Zasshi 78, 450 (1958) (English Summary) 
and Chem. Ahstr. 52, 18428 (1958); L. Niepp, W. Kunz, and R. Meier, Ex- 
perientia 13, 74 (1957).
H. Hitchings, E. A. Falco, K. W. Ledig [Burroughs Wellcome & Co. 
(U.S.A.), Inc.], U. S. Patent 2,945,859, see Chem. Ahstr. 54, 24820 (1960).
S. Sachdev and N. R. Ralhan, J. Sci. Ind. Research {India) 19c, 109 
(1960) and earlier papers.
177 T Chang and I. B. Hudson, Antibiotics cfc Chemotherapy 7, 443 (1957).
Hepworth (Imperial Chemical Industries Ltd.), British Patent 857,362, 
see Chem. Ahstr. 55, 14487 (1961).
R, Vaughan, Jr., E. Cohen, and B. Klarberg,. J- Am. Chem. Soc. 89, 5508 
(1959).
C. Novello (Merck & Co., Inc.), U. S. Patent 2,952,680, see Chem. Ahstr. 
55, 4546 (1961) ; E. Cohen and J. R. Vaughn, Jr. (American Cyanamid Co.), 
U. S. Patent 2,976,289, see Chem. Ahstr. 55, 17663 (1961).
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o
[59]
num ber of w a y s. In d ia n  workers^®^ h a v e  d iscussed  th e  p o ten t h yp n o tic  
effect in  ra ts o f th ese  q u in azolinon es som e o f w h ich  w ere c lin ica lly  
sa tis fa c to ry . T ests  h a v e  show n th a t th ey  possess cen tral dep ressant  
a c t iv ity  in  higher an im als com parable to  th ose  o f th e  m ost p o ten t  
barbiturates.^®^ In  ad d ition  th e y  h a v e  a hyp otherm ic (as d istin c t from  
a n tip y retic ) effect and  th e  p ossib le  u se o f 2 -m e th y l-3 -p h e n y l-  
4 (3 i7 )q u in a z o lin o n e  for producing th erap eu tic  h yp oth erm ia  w as su g ­
gested.^®® S im ilar com pounds possessed  vasodepressor a c t iv ity  w ith  
low  to x ic ity  and th e 3 -b en zy l d er iv a tiv es  show ed  sp a sm o ly tic  effect  
w ith o u t an a lgesic , a n tip yretic , an tih istam in e , an th elim in th ic , or b lood  
pressure effects.^®^ 2 -M e th y l-3 -o - to ly l -4 (377) q u in azolinon e w as su pe­
rior to  sod ium  phenobarb itone as an a n tico n v u lsa n t a g a in st m etrazo l-  
in duced  seizures,^®® and am ong forty  com pounds te sted  for oral a n ti­
co n v u lsa n t a c t iv ity  a g a in st lep tazo l-in d u ced  con vu lsion s in  m ice 2 -  
m eth y l-p -b ro m o p h en y l-4  (377) q u in azo linon e hydroch loride (know n as 
B .D .H .1 8 8 0 ) w as th e m ost a ctiv e , and is  e igh t tim es m ore a c tiv e  th an  
troxidone a g a in st electroshock .-induced  convulsions.^®®
T he carcinogen ic properties of tr icy c lo q u in a zo lin e  (60) w ere stud ied  
in  d eta il because o f its  p ossib le  form ation  from  an th ran ilic  acid  
d eriv a tiv es  in  nature.^®^ I t  p ossessed  stronger carcinogen ic a c t iv ity  
tow ard  m ice (72% ) th an  rats (2 7 % ). I ts  action  resem bled  th a t  o f 
em bedded p la stic  m ateria ls, because it  w as recovered  unmetabolized.^®®
L. Gujral, P. N. Saxena, and R. S. Tiwari, Indian J. Med. Research 43, 
637 (1955).
W. M. McLamore, S. Y. P'an, and G. D. Lauback, Abstracts of papers of the 
133rd meeting Am. Chem. Soc. April 1958, California, p. 12M. Cf. reference 152. 
®^^ P. N. Saxena and B. K. Khanna, Indian ./. Med. Research 46, 63 (1958).
P. Sandberg, Svensk Farm. Tidskr. 61, 453 (1957); Chem. Ahstr. 51, 16940 
(1957).
M. L. Gujral, K. N. Sareen, and R. P. Kohli, Indian J. Med. Research 45, 
207 (1957). .
®^®C. Bianchi and A. David, J. Pharm. and Pharmacol. 12, 501 (1960).
C. Cooper and M. W. Partridge, J. Chem. Soc. p. 3429 (1954).
®^®R. W. Baldwin, G. J. Cunningham, and M. W. Partridge, Brit. J. Cancer 13, 
94 (1959).
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N '
[ 60 ]
ÇOgH
CHgNH — O— CONH— CH
(CHjgCOgH
[ 61 ]
Severa l te trah yd roq u in azo lin e an alogs o f fo lic  acid  w ere sy n th e ­
sized  by  B ak er  and co-workers^®® as p o ten tia l an tican cer agen ts, and  
th e su bstan ce (6 1 ) , a t  50 m /ig /m l, gave  a 50%  in h ib ition  o f grow th  
of Streptococcus faecalis on a F ly n n  fo lic  acid  m edium  con ta in in g  
3 m/xg o f fo lic  acid.
4 -H y d ro x y - and 8 -n itro -4 -ch loroq u in azo lin es h ave  been incorpo­
rated  in to  th e n u cleo tide o f v ita m in  Big. T h ese q u in azo lin e-con ta in in g  
v ita m in  an alogs stim u la ted  the grow th  o f cob alam ine requiring cu l­
tures.^®®
O f agricu ltural im portance is th e p lan t-grow th  regu latin g  a c t iv ity  
o f 6 ,8 -d ich lo ro -2 -m eth y l-3 -ca rb o x y m eth y l-4  (SH)  q u inazo linone w hich  
w as as p o ten t as 2 ,4 -d ich lorop h en oxyacetic  acid  in  th e  L ep id ium  
test.^®^ 4 -H yd ro x y -5 ,6 ,7 ,8 -te tra h y d ro q u in a zo lin e  has been patented^®^ 
w ith  reference to  fu n g icid a l a c tiv ity .
R. Baker, R. Koehler, L. Goodman, and J. De. Graw, J. Am. Chem. Soc.
80, 5779 (1958); J. Org. Chem. 26, 1156 (1961).
D. Perlman and J. M. Barrett, Can. J. Microbiol. 4, 9 (1958). 
Lehr-Splawinski, Zeszyty Nauk. Uniw. Jagiel. Ser. Nauk. Mat., Przyrod. Mat.,
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Fiz., Chem. No. 6, 53 (1959); Chem. Ahstr. 55, 3602 (1961).
A. Margot and H. Gysin (J. R. Geigy A.-G.), U. S. Patent 2,839,446, see 
Chem. Ahstr. 52, 17297 (1958).
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IX. Industrial Uses
In  ad d ition  to  th e  use o f som e of th e  foregoing q u in azo lin es in  
drug m an u factu re, certa in  q u in azo lin e  d er iv a tiv es , p a rticu la r ly  w hen  
condensed  w ith  am in oan th raq u in ones, are cla im ed  as u sefu l d y e-  
stuffs.^®® A ^-l,A ^-3-D ichlorobenzoylene ureas are cla im ed  as u sefu l 
odorless b leach ing  agents^®^ and cla im s h a v e  been m ade th a t  th e a d d i­
tio n  of ch loro- or n itro su b stitu ted  4 -h y d ro x y q u in a zo lin es  suppress  
color sta in s  in  color d evelop in g  so lu tion s or coa tin gs in  photography.^®°
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Naphthyridines. Part 111.^  Tetrahydro- and Decahydro-1,5-, -1,6-, -1,7-, 
and -1,8-Naphthyrldines
By W . L. F. A r m a reg o , Department of Medical Chemistry, John Curtin School of Medical Research, Australian 
National University, Canberra, Australia
Decahydro-1.5-, -1 .6 -, -1 ,7 - , and -1 ,8-naphthyridines have been prepared by reduction of the respective naphthyr­
idines with sodium and ethanol. Reduction of 1,5-naphthyridine with platinum oxide in acid solution gave a 
separable mixture of trans- and c/5-decahydro-1.5-naphthyridine. It w as possible to distinguish betw een these  
isomers, also those of trans- and c/5-decahydroquinolines and decahydroisoquinolines. by proton m agnetic  
resonance spectroscopy. Catalytic reduction of 1 ,5-, 1 ,6-, and 1 ,8-naphthyridine with palladium on charcoal in 
ethanol gave the corresponding 1,2,3,4-tetrahydro-derivatives, but 1,7-naphthyridine gave a separable mixture
1,2,3,4-tetrahydro- (57%) and 5 ,6 ,7 ,8-tetrahydro-1,7-naphthyridine (43%). The structures of the tetrahydro- 
naphthyridines were established by ionisation measurements and by ultraviolet and proton m agnetic resonance  
spectroscopy.
R e d u c t io n  of 1 ,2 ,3,4 tetrahydro-l,5-naphthyridine with  
sodium  and pentyl alcohol was reported to  yield  a 
hexahydro-1,5-naphthyridine whereas the 2-m ethyl and
2,4-dim ethyl derivatives gave decahydro-derivatives 
and reduction of 4-m ethyl- and 2,4 d im ethyl-1,8-naph- 
thyridine w ith sodium  and ethanol gave the respective 
decahydronaphthyridines,® In no case were the products 
classified as trans- or cfs-isomers.* I have now reduced
• trans and cis refer to the configuration at the two bridge­
head hydrogen atoms.
1.5-naphthyridine w ith sodium  in boiling ethanol to  
decahydro-1,6-naphthyridine in high yield, and shown it  
to  be the W ws-isom er b y comparing it w ith the cts- 
isomer. ^mMS-Decahydro-1,6-, -1,7-, and -1,8-naphthyr- 
idine were sim ilarly prepared. Catalytic reduction of
1.5-, 1,6-, and 1,7-naphthyridine was said to  form
 ^ Part II, A. Albert and W. L. F. Armarego, J . Chem. Soc., 
1963, 4237.
• K. Miyaki, J. Pharm. Soc. Japan, 1942. 62, 257.
» E. Ochiai and K. Miyaki, Ber., 1941, 74, 1115.
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l,2 ,3 ,4-tetrahydro-l,5-,2  l,2 ,3 ,4-tetrahydro-l,6-,^  and a 
m ixture of 1,2 ,3 ,4-tetrahydro-l,7- (98%) and 6,6,7,8- 
tetrahydro-1,7-naphthyridine (2%).® Meagre evidence, 
however, w as presented for the structures of these 
tetrahydro-derivatives. Thus, the first exam ple rested  
on analytical data alone, and the other three on spectral
J. Chem. Soc. (C), 1967
capable of existing in trans- and cis-forms. It was 
therefore necessary to find a m ethod to differentiate 
between the isomers. Musher and Richards ® examined  
the p.m.r. spectra of trans- and cis-decalin and found 
that the trans-iovm  gave a broad resonance signal 
envelope whereas the cts-form gave a m uch sharper
N N
XJ
H N
T M S
N H
10 T7
N H
T M S
N H
1 O t7
T M S
1 O t7
F ig u r e s  1— 9 Proton magnetic resonance spectra
changes between OTN-sodium hydroxide and OTn - 
sulphuric acid, w ith  no elem ental analyses for the last 
two isomers. These reductions have now been re­
investigated, extended to  include 1,8-naphthyridine, and  
the ionisation constants and ultraviolet and proton  
m agnetic resonance (p.m.r.) spectra were used to  con­
firm the structures.
Decahydronaphthyridines, like decalin, should be
* N. Ikekawa, Chem. Pharm. Bull. {Japan), 1958, 6, 263.
‘ N. Ikekawa, Chem. Pharm. Bull, (japan), 1958, 6, 408.
envelope. This was explained b y  the relatively rigid 
carbon framework in ^mws-decalin, where the hydrogen  
atom s were classified as axial or equatorial. In cis- 
decalin a narrow band envelope of the proton signals 
results from both rapid inversion of the ring system  and 
the near equivalence of axial and equatorial protons.®
• J. Musher and R. E. Richards, Proc. Chem. Soc., 1958, 230, 
see also J. T. Gerig and J. D. Roberts, J. Amer. Chem. Soc., 1966, 
88, 2791; and F. A. Jensen and B. H. Beck, Tetrahedron Letters, 
1966, 4523.
To test this behaviour in azanaphthalenes I have ex ­
am ined the p.m.r. spectra of trans- and as-decahydro- 
quinoline and trans- and cts-decahydroisoquinoline, 
whose configuration w as firmly established by total 
synthesis and d e h y d r o g e n a t i o n .T h e  spectra  
showed two sets of signals, a downfield set at t  ca, 
6-5— 7 for the protons on the carbon atom s adjacent 
to  the nitrogen atom s, and an upheld set for the  
other protons (Figures 1— 4). As was observed in the  
decalines, the iraws-isomers possessed broader signal 
envelopes tlian the cts-isomers. A lthough the infrared  
spectra of the free bases of the isomers, and their hydro­
chlorides, were different there were no bands which  
could be ascribed exclusively  to  the ^mws-isomers 
(compare Bohlm ann bands found in trans-qumoYiz- 
idines . The ionisation constants showed that they  
were strong bases (see Table 1) but there was little  
difference between trans- and cfs-isomers.
Reduction of 1,5-naphthyridine w ith  sodium  and  
ethanol gave a solid which on further reduction w ith  
platinum  oxide in ethanol absorbed ~ 0 -2 5  mol. of 
hydrogen w ithout m uch change in m. p. The product 
(93% yield) had the analysis required for a decahydro- 
naphthyridine, and gave a dipicrate. It was trans- 
decahydro-1,5-naphthyridine because the p.m .r. spec­
trum (Figure 6) showed a broad series of signals. 
Catalytic reduction of 1,5-naphthyridine w ith  platinum  
oxide in acetic acid containing sulphuric acid (as in the 
reduction of 1,2,3,4-tetrahydroisoquinoline to a m ixture 
of trans- and cts-decahydroisoquinoline) gave a m ixture of 
trans- (12%) and cis-decahydro-I,5-naphthyridine (21%) 
which were separated b y the preferential solubility  of 
the latter in ether. The /m ns-isom er was identical 
w ith the above. The cis-isomer was a liquid which gave  
a different dipicrate ; its infrared spectrum  was different 
from that of its  isomer, and the p.m.r. spectrum  had  
sharper signals (Figure 5). These results agree w ith  the  
A uw ers-Skita rule,^^ which predicts that reductions in 
neutral or basic m edia yield  predom inantly trans- 
isomers whereas reductions in acidic m edia g ive high  
proportions of the cts-isomers. The first ionisation  
constants (Table I) indicated that they  were weaker 
bases than the decahydroquinolines and decahydroiso­
quinolines, as would be expected  from the presence of a 
second nitrogen atom . The larger difference between  
the pA^ai and p A „2 values in the cts-isomer (I) (3 66 pH
( " )
units) compared w ith  the iraws-isomer (II) (3-30 pH  
units) is consistent w ith  the greater difficulty in protonat- 
ing the m ono-cation of the cts-isomer.
’ F. E. King, T. Henshall, and R. L. St. D. Whitehead, / .  
Chem. Soc., 1948, 1373.
* R. A. Abramovitch and J. M. Muchowski, Canad. J . Chem., 
1960, 38. 657.
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The reduction of 1,6- and 1,7-naphthyridine w ith  
sodium and ethanol also gave high yields of iraws-deca- 
hydro-1,6- and- 1,7-naphthyridine. imws-Decahydro-
1.8-naphthyridine was obtained by a similar reduc­
tion of I,2,3,4-tetrahydro-l,8-naphthyridine. The ele­
m ental analyses of the free bases and of their di- 
picrates indicated that they were decahydro-compounds. 
The broad peaks of their p.m.r. spectra, together with  
their m ethod of preparation (compare above), is strong 
evidence for their im «s-structure (Figures 6— 8). The 
c o n t in u o u s  inversion of th e  n itr o g e n  a to m s  m akes th e  
fraws-decahydronaphthyridines less rigid than trans- 
decalin, hence the p.m.r. signal envelopes are expected  
to be relatively narrower (see particularly Figure 9). 
Their sharp m elting and boiling points, analytical figures, 
and the narrow spreads of their p /C i and pA^g values is 
good evidence for their purity. The m ixture of trans- 
and cfs-decahydro-I,5-naphthyridine isolated from cata­
lytic  reduction of 1,5-naphthyridine m elted over a wide 
range and gave unsatisfactory pA& values. A ttem pts to  
use gas chrom atography w ith  colum ns of polyethylene, 
Carbowax, silicone, and silicone containing 10% of 
sodium  hydroxide, to purify these perhydro-bases, were 
unsuccessful. It m ust be noted that, of the four trans- 
decahydronaphthyridines, the 1,6- and 1,7-isomers are 
racem ates, and they are diastereoisom eric w ith  the 
respective cts-isomers. A ll attem pts to prepare cis- 
decahydro-1,6-, -1,7-, and -1,8-naphthyridine by catalytic  
reduction in acid m edia were unsatisfactory.
The ionisation of the fm ns-decahydronaphthyridines 
can be rationalised by considering the distance between  
the nitrogen atom s and the application of Coulomb's 
Law ; hence they are all weaker bases than the perhydro- 
quinolines and -isoquinolines.
The pAnj^  and pA^g values of fra«s-decahydro-I,5- 
and -1,7-naphthyridine are sim ilar because they  are 
both bicyclic ethylenediam ines. fraws-Decahydro-1,6- 
naphthyridine is a stronger base because it is essentially  
a bicyclic propylenediam ine, and fraws-decahydro-
1.8-naphthyridine is the w eakest base of all because the 
nitrogen atom s are separated b y  only one carbon atom . 
All these decahydroazanaphthalenes were transparent 
in the ultraviolet spectrum.
C atalytic reduction of naphthyridines w ith  palladium  
on charcoal in alcoholic solution stops after absorption  
of 2 mol. of hydrogen, w ith  the formation of tetrahydro- 
naphthyridines. 1,5-Naphthyridine gave 1,2,3,4-tetra­
hydro-1,5-naphthyridine (III) (90% yield) which m elted  
8° above the literature  ^value. 1,6-Naphthyridine gave 
exclusively 1,2,3,4-tetrahydro-1,6-naphthyridine (IV) 
as shown b y  p.m.r. spectroscopy. The other isomer, 
i.e., 5,6,7,8-tetrahydro-I,6-naphthyridine, was never 
formed in these or in reductions using acetic acid con­
taining sulphuric acid as solvent, o p  platinum  oxide
® M. Ehrenôtein and W. Bunge, Ber., 1934, 67, 1715.
"  B. Witkop, J. Amer. Chem. Soc., 1948, 70, 2617.
T. M. Moynehan, K. Schofield, R. A. Y. Jones, and A. R. 
Katritzky, J. them. Soc., 1962, 2637.
"  K. V. Auwers, Annalen, 1920, 420, 84; A. Skita, Ber., 1920, 
53, 1792.
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T able  1 
Ionisation (HgO, 20®) ♦
Spread Concn. X Analyt. 
p/iTa (± )  (m) (mp)
Quinolines
/ra«s-Decahydro-   11 29 0 Ot 0 1 —
cts-Decahydro-................  11 29 003  0 1 —
/mns-Decahydroiso- ... 11*32 0 01 0 1 ' —
Ci5-Decahydroiso-  ......  11 36 0 02 0 1 —
Naphthyridines
/rans-Decahydro-1,6- ... 10 10 0 02 0 05 —
6-86 0 04 0 05 —
cis-Decahydro-1,5- ........ 10 31 0 01 0 05 —
0 65 0 01 0 05 —
/ra«s-Decahydro-l,6- ... 10-68 0 05 0 1 —
8 18 0 03 0-1 —
/rans-Dccahydro-1,7- ... 10 16 00 2  0-1 —
7-07 001 0 1 —
lra«s-Decahydro-l,8- ... 9-36 00 4  0-01 —-
4 82 0-02 0 01 —
1.2.3.4-Tetrahydro-l,5- 6-96 0-04 0 5 x  10 * 350
-1 -3 5  0-02 0-5 X 10 * 350
1.2.3.4-Tetrahydro-1,6- 10-19 0-02 0-2 x  10 * 280
1.2.3.4-Tetrahydro-1,7- 7-08 0-02 0-10 x  10 * 355
- 1  35 0-05 0-10 X 10 * 355
6,6,7,8-Tetrahydro-l,7- 8-56 0-02 3 x  10 * 276
2-48 0 03 3 X 10 * 270
1.2.3.4-Tetrahy dro-1,8- 7-61 0-03 0-62 x  10 * 340
* The decahydro-compounds were measured potentio-
metrically and the tetrahydro-compounds were measured
spectrophotometrically at ionic strength 0-01, as described in 
" Ionization Constants of Acids and Bases,” A. Albert and 
E. P. Serjeant, Methuen, London, 1962.
preparative gas chromatography. Reduction in acetic 
acid did not appreciably alter the ratio of these two 
isomers. 2,4-D ichloro-l,8-naphthyridine gave 1,2,3,4- 
tetrahydro- 1,8-naphthyridine (VII). In none of these
(III) (V)
N N
NH
(VI) "  (VII)
reductions was an interm ediate green colour obtained, 
a colour formerly attributed to the form ation of the 
dihydro-derivatives.^
The ionisation constants of the tetrahydronaphthyr- 
idines are in Table I, and their ultraviolet spectra in 
Table 2. The ionisation data agree with the structures 
described. The pA& values of 1,2,3,4-tetrahydro-1,5- 
(III) and -1,7-naphthyridine (V), and the spectra of the 
neutral species, m ono-cations, and di-cations, are typical 
of a 3-aminopyridine s t r u c t u r e . T h e  high pA^ of 1,2,3,4- 
tetrahydro-l, 6-naphthyridine (10-19) and its ultraviolet 
data are consistent w ith  its being a 4-am inopyridine 
(compare 4-methylaminopyridine,^^ pA^ 9-65). The
T a b le  2
P ro to n  m a g n etic  reson an ce  sp ectra  (in deuter ioch loroform  a t  33-6®), and  u ltr a v io le t  sp ec tra  (in w a ter  a t  20
Chemical shifts ( t )  •
Naphthyridine
1. l,2,3,4-Tetrahydro-l,5-
2. l,2,3,4-Tetrahydro-l,6-
3. l,2,3,4-Tetrahydro-l,7-
4. 5,6,7,8-Tetrahydro-l,7-
5. 1,2,3,4-T etrahydro-1,8-
6. 1,5-Naphthyridine '
2H 3H 4H 5H 6H 7H 8H NH  
6-68(t) 7-93(xq) 7-03(t) —  2-01 (q) 2-99(q) 3-20(q) 5-98(br)
6-66(t) 8-10(xq) 7-3l(t) 1-96 — 1 97(d) 3 68(d) 5-13(br)
6-64(t) 8-06(xq) 7-24(t) 3 01(d) 2 09(d) —  2-06 5-81 (br)
l-48(t) 2-84(q) 2-48(t) 7-ll(cq) 6-78(cq) — 6-84 7-81
6-57(t) 8-10(xq) 7-29(t) 2-80(d) 3-45(q) 2 07(d) —  4-38(br)
Coupling constants (±0-2  c./sec.)
Jt. t JX « Ji. 6 /«, 7 /e, 8 /?. 8
—  —  —  4-2 2-0 8-2
6-0 8-5 —  —  —  —
—  —  7-6 5 0 — —
Xnukx (nip) * logE* Species * pH or
1. 245, 303 3-84, 3-60 0 10-0
224, 265, 345 4-15, 3-89, 3-65 4-' 2-8
208, 267 3 52, 3-82 +  4- -3 - 6
2. 259-5 4-04 0 13-0
215-5 +  222, 281 4-04 4- 3 84, 4-20 4- 8-0
3. 247, 297 3-82, 3-35 0 10-0
222, 268, 341 4-22, 3-87, 3-55 4- 3-0
258 4- 264 3-59 4- S-53 4-4- -3 -4
4. 267 4- 275 3-63 +  3-56 0 11-0
264 4- 272 3-61 +  3-51 + . 5-0
269 3-85 4-4- -0 - 5
5. 241, 303 3-88, 3-66 0 10-0
241-5. 318 3-86, 3-83 4- 5-0
6. 263 4- 270, 294 4- 302 +  304 4* 313 3-57 4- 3-53, 3-83 X ' 4-05 4- 4-07 +  4-22 4-4- -3 -7
triplet, q =  quartet, cq =  complex quartet, xq =  complex quintet, br =  broad signal). * Inflexions are in italics. ® 0 =  Neutral 
species, -f- =  mono-cation, 4 --f- =  di-cation. •* Di-cation, p%. —1-70 ±  0-05 measured at 1 x  10 * M and 330 mp.
catalyst, or b y  catalytic reduction of 4-chloro-1,6-naph­
thyridine. Catalytic reduction of 1,7-naphthyridine 
in ethanol gave a m ixture of I,2,3 ,4-tetrahydro-I,7- 
naphthyridine (V) (57%) and 5,6,7,8-tetrahydro-1,7- 
naphthyridine (VI) (43%) as shown b y  p.m.r. spectros­
copy. These two bases were liquids and were separated  
b y  preparative thin-layer chrom atography or better by
ultraviolet spectra of 5,6,7,8-te trahydro-1,7-naphthyr- 
idine (VI) and its cation are very sim ilar to those of 
pyridine and its cation. Its first pA& value (8-56) 
is for the protonation of N -7 and is like that of an ali­
phatic amine. A lthough N-7 is one and two carbon
”  A. Albert, / .  Chem. Soc., 1960, 1020.
** J. M. Essery and K. Schofield, J. Chem. Soc., 1961, 3939.
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atom s removed from the pyridine ring, its protonation  
alters the pyridine chromophore to the extent that it is 
possible to measure the ionisation of its conjugate acid 
spectrophotom etrically. The pK^ value for the second  
protonation (2-48) is m uch lower than that for 2,3-di- 
m ethylpyridine (6-60) but is consistent w ith the base- 
weakening effect of a protonated am inom ethyl group 
on the pyridine ring (compare 2-am inom ethylpyridine 
p/Cai 8-62, piC„2 1,2,3,4-T etrahydro-l ,8-naph­
thyridine (VII) (p/Cft 7-61) is a typical 2-aminopyridine 
(pXa 6-86),^® and the increased basic strength is attri­
buted to the presence of the alkyl side-chain and an  
alkyl substituent on the am ino group.
The p.m.r. data of the tetrahydronaphthyridines are 
in Table 2, and all the protons are assigned b y  inspec­
tion. 1,2,3,4-Tetrahydro-l ,5- (III) and -1,8-naph­
thyridine (VII) give typical A B X  patterns, at low  field, 
which can be assigned to the protons of the unreduced  
ring, and A^BgCg patterns further upfield, from the 
protons of the reduced ring. Sm all long-range couplings 
between the 2- and 4-protons w ith 6-H  are also observed.
1,2,3,4-Tetrahydro-1,6-naphthyridine (IV) shows a 
typical upfield AgBgCg pattern, a downfield A B  system , 
and a signal from 6-H which coincides w ith one of the  
peaks from the 7-H  doublet. Compound (V) has essen­
tia lly  the sam e pattern of signals as com pound (IV).
6,6,7,8-T etrahydro-l,7-naphthyridine (VI) gives a down­
field A B X  pattern, and upfield A^Bg pattern, and a 
signal at t 6-84 for the C-8 protons, which integrates 
for two protons.
EXPERIMENTAL
Analyses, by Dr. J. E. Fildes and her staff, are in Table
3. Evaporations were carried out in a rotary evaporator 
at 5 0 7 1 5  mm. 1,5-,^’ 1,6-," 1,7-," and 1,8-naphthyridine "  
were prepared as in the references cited.
Ultraviolet spectra were measured on a Perkin-Elmer 
Spectracord model 4000 recording spectrophotometer, and 
the peaks were checked on an Optica CF4 manual instru­
ment. Infrared spectra were measured on a Perkin-Elmer 
21 spectrometer. A Perkin-Elmer RIO spectrometer 
operating at 60 Me./sec. and 33-6“ was used for p.m.r. 
spectra.
trans- and cis-Decahydroquinoline.— A commercially avail­
able mixture of irans- and ci5-decahydroquinoline (Eastman) 
was fractionated in a spinning-band column (type E, 
Hagge after Dr. Koch) at 708-2— 708-5 mm. The fraction of 
b. p. 205— 206° was ^rans-decahydroquinoline; it crystal­
lised on cooling, m. p. 48° (lit.," 48°), (film) 2905, 2840, 
2780, 1447, 1335, 1305, 1240, 1177, 1125, 987, 900, 835 cm.-i. 
The hydrochloride, formed by bubbling dry hydrogen 
chloride through an ethereal solution, had m. p. 285— 286° 
(from ethanol-ethyl acetate) (lit.," 286— 287-5°), (KBr) 
2920, 2760, 2578, 2520, 1580, 1455, 1070, 1050, 976, 950, 
833 cm.“ .^ The higher-boiling fraction, b. p. 207— 208°, 
remained liquid on cooling, and was converted into iV-benz-
K. Clarke and K. Roth well, J. Chem. Soc., 1960, 1886.
"  F. Holmes and F. Jones, J. Chem. Soc., 1960, 2398.
"  A. Albert, J. Chem. Soc., 1960, 1790.
W. L. F. Armarego and T. J. Batterham , J. Chem. Soc. {B), 
1966, 750.
"  W. Hückel and F. Stepf, Annalen, 1927, 463, 163.
C C
oyl-ct5-d ecahyd roq u inolin e  w h ich  crysta llised  from  lig h t  
p etro leu m  (b. p . 80— 100°) (6 p arts), m . p. 95° ( l it . ,"  96°). 
T h e b en zo y l d e r iv a tiv e  w as h yd ro ly sed  w ith  20%  h y d ro ­
ch loric  acid , an d  th e  hyd roch lor id e  w a s iso la ted  (73% ) 
a s before , 21 m . p. 222— 224° ( l it . , 2 1  222— 224°), (K B r) 
2900, 2780, 2560, 1580, 1445, 1432, 1403. 1165, 1080, 1036, 
990, 867 cm .“i. T h e  free b ases w ere iso la ted  from  th e ir  
h yd roch lorid es, and  d istilled  before use. czs-D ecahydro-  
q u in o lin e  h a d  (film ) 2900, 2840, 2770, 1445, 1357, 1330, 
1305, 1140, 1125, 1109, 1068, 844 cm.~K
tran s- and cis-Decahydroisoquinoline.— im n^ -D ecahydro-  
isoq u in o lin e, (film ) 2880, 2820, 2700, 1446, 1315, 1136, 
970, 840 cm .“i, w as prepared b y  red u ctio n  o f 1 ,2 ,3 ,4 -te tra ­
hyd ro iso q u in o lin e  w ith  lith iu m  an d  e th y len ed ia m in e , as  
before; 22 picrate, m . p. 175— 176° ( lit . , 22 173— 174°); 
h yd roch lorid e, (K B r) 2930, 3800, 1587, 1450, 1400, 
1070, 952, 837 cm .“^ prepared as for th e  c /5 -isom er (below ), 
m . p. 221— 222° ( l it . , 2 2  222—223°).
1 ,2 ,3 ,4 -T etrah yd ro isoq u in o lin e  (3-0 g.) in  g la c ia l acetic  
acid  (30 m l.) c o n ta in in g  co n cen tra ted  su lp hu ric  ac id  
(15 drops) w a s h y d ro g en a ted  a t  20° and  a tm osp h eric  pres­
sure in  th e  p resence o f p la tin u m  o x id e  (3-0 g .), a s described  
for th e  red u ctio n  o f iso q u in o lin e ."  T h e  c a ta ly s t  w as filtered  
off, an d  th e  filtra te  ev a p orated , d ilu ted  w ith  w a ter  (30 m l.), 
ad j u sted  to  p H  11, an d  ex tra c ted  w ith  eth er. T h e  e th er  w as  
ev a p o ra ted , and  th e  resid ue trea ted  w ith  ex cess  o f aqu eou s  
picric  acid . T h e  p icrate , w a sh ed  w ith  co ld  m eth a n o l  
(6 m l.) to  rem ove m o st o f th e  /ran s-isom er, h a d  m . p . 149—  
150° (from  m eth ano l) (3-89 g.) ( l it . ,"  150°). R ed u ctio n  
did  n o t  occu r w h en  5%  p a lla d iu m -ch a rco a l 22 w a s  th e  
c a ta ly s t . T h e  h yd roch lorid e w a s iso la ted  as fo llow s becau se  
th e  earlier m eth o d  w as u n sa tisfa c to ry . T h e  p icra te  (3-0 
g.) in  5N -sodium  h y d ro x id e  (40 m l.) w a s sh a k en  w ith  ether, 
an d  en o u g h  w a ter  w as added  to  th e  m ix tu re  to  d isso lv e  th e  
so d iu m  p icra te  form ed, th e  e th a n o l e x tr a c t  w a s w a sh ed  
w ith  lO N -sodium  h y d ro x id e  and  dried o v er  a  m ix tu re  o f  
an h y d ro u s sod iu m  ca rb on ate  and  a lu m in iu m  o x id e  (B .D .H .  
for chrom atograp h y , to  rem ove th e  y e llo w  co lou r). T h e  
eth er  so lu tio n  w as filtered  and  ev a p o ra ted  to  50 m l., and  
d ry  hyd rogen  ch loride w a s bu bb led  th rou gh  th e  so lu tio n  
u n til c ry sta llisa tio n  w a s co m p lete . cw -D ecah yd ro iso -  
qu in o lin e  hyd roch lor id e  (0-88 g., 63% ) w a s dried  a t  100°, 
m . p. 182— 183° (from  eth a n o l-e th er) ( l it . ,"  183°) (K B r) 
2920, 2820, 1582, 1470, 1445, 1410, 1395, 1315, 1135, 1080, 
990, 870 cm .“ .^ T he free base w a s iso la ted  as ab o v e ,
(film ) 2920, 2820, 2720, 2560, 1584, 1470, 1445, 1415, 1395,' 
1315, 1300, 1135, 1080, 1020, 990, 873 cm ."i.
tv3ins-Decahydro-1,6-naphthyridine.—  1,5-Naphthyridine 
(1-30 g.) in ethanol (30 ml.) was treated with sodium (3-9 g.) 
and refluxed for 5 hr. The solution was cautiously diluted 
with water and acidified, the ethanol distilled off, and 
the residue basified, and extracted with chloroform. The 
extract was dried (Na^COg) and evaporated, to give a 
solid, m. p. 171— 174°. This could not be crystallised 
easily so it was dissolved in ethanol (50 ml.) containing 
platinum oxide (200 mg.) and hydrogenated at 20°/714 mm. 
whereby 0-25 mol. of hydrogen was absorbed. The catalyst 
was filtered off, and the residue, which had no ultraviolet
2® V. Prelog and S. Szpilfogel, Helv. Chim. Acta, 1945, 28, 
1684.
*2 C. F. B ailey and S. M, M cElvain, J. Amer. Chem. Soc., 1930, 
62. 4013.
** A. P. Gray and D. E . Heitmeier, J. Amer. Chem. Soc., 1958, 
80. 6274.
** R. Mozingo, Org. Synth., 1946, 26, 77.
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absorption, was sublimed at 110°/0-3 mm. and recrystallised 
from light petroleum (b. p. 60— 80°), to yield the product, 
m. p. 177— 178°, glistening plates (13  g., 93%), (KBr) 
3200, 2905, 2840, 2770, 1470, 1468, 1437, 1338, 1274, 1180, 
1125, 1110, 1000, 910, 860, 842 cm."i. The dipicrate, 
recrystallised from ethanol, darkened at 288° and decom­
posed explosively at 295°.
txasvs-Decahydro-\,6-naphthyridine.—  1,6-Naphthyridine 
was reduced as in the previous case, and, after three 
distillations, the product, b. p. 74°/l*0 mm., 64°/0-4 mm., 
was obtained as a colourless oil (65%), (KBr) 3260, 
2920, 2850, 2795, 1442, 1365, 1338, 1317, 1304, 1245, 1145, 
1105, 987, 860, 790 cm.“ .^ Sometimes a solid was also
sulphuric acid, as described above for the preparation of 
cz5-decahydroisoquinoline. When the solution had absorbed 
10 mol. of hydrogen (5 hr.), the crude base was dissolved in 
light petroleum (b. p. 40— 60°) and passed through a 
magnesium oxide column (5 X 0 5 in.). The fractions that 
gave an oil were collected and the oil distilled, to give the 
product, b. p. 55°/0-l mm. (450 mg., 21%), which did not 
crystallise on cooling, v^ ax. (film) 3200w, 2910, 2835, 2760, 
1450,1435,1360, 1325, 1300,1160,1130,1120,1064,953, 875, 
795 cm.“ .^ The dipicrate (from ethanol) decomposed at 270° 
with effervescence after darkening at above 218°. Further 
elution gave a small amount of solid, m. p. 173— 175° 
undepressed with the above trans-isomer. The aqueous
Table 3 
Analyses
Found (%) Required (%)
C H N Formula C H N
<raM5-DecahydroquinoIine (HCl) .............. .............  61 7 10 3 8 0 CgH.gClN 61 5 10-3 8-0
ct5-Decahydroquinoline (HCl) .................... ............. 61-7 10 1 8 0 CgHigClN 61 5 10-3 8-0
/rans-Decahydroisoquinoline (HCl) ............ ............ 61 5 10 4 8 0 C,H„C1N 61 5 10-3 8-0
ct5-Decahydroisoquinoline (HCl) ................ ............ 61 2 100 7 9 C,H„C1N 61 5 10-3 8-0
Naphthyridine 
/ra«s-Decahydro-l,5- ..................................... ............ 68 6 11 4 20 0 C ,H „N , 68 5 11-5 20-0
picrate .................................................. ............ 400 3 7 18-7 CgHi,N„2C,H,N,0, 40-15 3-7 18-7
«5-Decahydro-l,5- .......................................... ............ 68 7 115 20 1 C,Hi,N; 68 5 11-5 20-0
picrate .................................................. 3 8 18 6 C8H;gN,,2C,HgNgOy 40-15 3-7 18-7
/m«s-Decahydro-l,6- ..................................... ............ 687 11 7 20 6 CgHiaNz 68-5 11-5 20-0
picrate .................................................. ............ 40 1 3 5 18 95 (^8Rl8N2,2CgHgNgOy 40-15 3-7 18-7
carbonate .............................................. .........  — — 13 6 C,Hi,N„H,CO, — — 13-85
/ra«s-Decahydro-l,7- ..................................... ............ 68-7 11 2 20 1 68-5 11-5 20-0
picrate .................................................. ............ 40 4 3 5 18 9 ^8Hl8Ng,2CgHgNgO; 40-15 3-7 18-7
/rans-Decahydro-1,8- ..................................... ............ 68 6 11 4 19 9 ^81^16^2 68-5 11-5 20-0
picrate .................................................. ............ 40 05 3 7 18 9 C ,H i,N „2C ,H ,N ,0, 40-15 3-7 18-7
1,2,3,4-Tetrahydro-l,5- ................................. ............ 71 9 7 6 20 8 C,H ,,N , 71-6 7-5 20-9
picrate .................................................. ............ 46 1 3 5 19 1 C,Hi,N2,C,H,NgO, 46-3 3-6 19-3
1,2,3,4-Tetrahydro-l,6- ................................. ............ 71 9 7 4 21 1 CgHioN, 71-6 7-5 20-9
picrate .................................................. 3 3 19 5 CsHioNg.CgHgNgOy 46-3 3-6 19-3
l,2,3,4-Tetrahydro-l,7- ................................. ............ 69 6 7 5 20 1 CgH.gNg.iHgO 69-2 7-6 20-3
picrate .................................................. ............ 46 4 3 6 19 0 C,H„N„CgH ,N,0, 46-3 3-6 19-3
5,6,7,8-Tetrahydro-l,7- ................................. ............ 69 3 7-5 20 2 C,HioN„^H.O 69-2 7-6 20-3
picrate .................................................. ............ 40 3 2 6 18 7 C ,H i,N „2C ,H ,0, 50-55 2-7 18-9
1,2,3,4-Tetrahydro-l,8- ................................. ............ 71 9 7 6 20 8 CgHloNg 71-6 7-5 20-9
picrate .................................................. ............ 46 4 3 5 191 C,H ,oN„C,H ,N,0, 46 3 3-6 19-3
formed which crystallised from methanol to give trans- 
decahydro-\,6-naphthyridine carbonate, m. p. 348— 350° 
effervescence with slight sublimation at ~300°. This 
salt liberated carbon dioxide when treated with dilute 
hydrochloric acid. The free base obtained by treating 
this salt with aqueous sodium hydroxide was identical with 
the above. The dipicrate (from acetic acid) had m. p. 
283— 285° (decomp.) with darkening above 270°.
txB.ns-Decahydro-\,l-naphthyridine.— Reduction of 1,7- 
naphthyridine as in the previous case gave the product, 
b. p. 76°/l-3 mm., m. p. 76— 77° (67%), (film) 3225,
2900, 2820, 2780, 1440, 1333, 1285, 1233, 1180, 1130, 1095,
992, 855 cm.“ .^ The dipicrate (from acetic acid) had m. p. 
269— 270° (decomp.).
tra.ns-Decahydro-l,%-naphthyridine.—  1,2,3,4-Tetrahydro-
1,8-naphthyridine was reduced as in the previous example, 
to give the product (50%), m. p. 119— 120° [from light 
petroleum (b. p. 40— 60°)] (KBr) 3165, 3020, 2900, 
2780, 2720, 2680, 1475, 1463, 1450, 1440, 1320, 1254, 1172,
1154, 1134, 1123, 1012, 957, 892, 877, 810, 800 cm.-i. The
dipicrate (from acetic acid) had m. p. 216— 217° (decomp.).
o\s-Decahydro-\,6-naphthydridine.—  1,6-Naphthyridine 
(2 0 g.) was reduced with platinum oxide in acetic acid-
liquors from the above ether extraction were extracted 
further with chloroform (6 X 50 ml.), the extract was dried 
(NagCOg) and evaporated, and the residue sublimed at 
170°/0T mm. and recrystallised from light petroleum (b. p. 
60— 80°), to give /m«s-decahydro-l,5-naphthyridine (220 
mg., 12%), m. p. 175— 177° undepressed with the above 
/m«s-isomer from the sodium and ethanol reduction.
1.2.3.4-Tetrahydro-1,6-naphthyridine.— 1,5-Naphthyridine 
(524 mg.) in ethanol (40 ml.) and 5% palladium-charcoal 
(524 mg.) were shaken with hydrogen at 20°/715 mm. After 
6 hr., 2 mol. of hydrogen had been absorbed and reduction 
ceased. The solution was filtered, evaporated, and the 
residue sublimed at 100°/0*5 mm., then recrystallised from 
light petroleum (b. p. 60— 80°), to give the product (488 
mg., 90%), m. p. 113— 114° (Miyaki,^ using platinum oxide 
in acetic acid, gave m. p. 105°). The picrate (from acetic 
acid) had m. p. 215— 216° (lit.,® 210°).
1.2.3.4-T etrahydro-1,6-naphthyridine.— 1,6-Naphthyridine 
was reduced (3 5 hr.) as above. After sublimation at 
130°/0 2 mm. and recrystallisatibn from light petroleum 
(b. p. 80— 100°) (3000 parts) or benzene (8 parts), the product, 
m. p. 162— 163° (75%), was obtained (Ikekawa,* using 
palladium on calcium carbonate in methanol, gave m. p.
155— 158°). The p.m.r. spectrum of a concentrated solu­
tion in deuteriochloroform showed no 5,6,7,8-tetrahydro-
1.6-naphthyridine. The picrate (from ethanol) had m. p. 
177— 178°. The same compound was obtained (43%) by  
hydrogenation of 4-chloro-l, 6-naphthyridine with 5% 
palladium-charcoal in ethanol containing 1 mol. of an­
hydrous sodium acetate.
1,2,3,4- and 6,6,l,S-Teirahydro-l,l-naphthyridine .—
1.7-Naphthyridine (2 6 g.) was reduced with 5% palladium- 
charcoal in ethanol, as in the previous case, and 2 mol. of 
hydrogen were absorbed in 8 hr. The residue distilled at 
96— 100°/0-4 mm. (1 17 g.), and the p.m.r. spectrum showed 
only a mixture of the products (57:43). These were 
separated by preparative gas chromatography (Loenco Inc., 
model 160 series, prep-matic) using a column of 20% SE30 
on Chromosorb W  (60— 80 mesh) with temperature-pro­
gramming at 130— 220° (10°/min.) and nitrogen as carrier ' 
gas (70— 130 mm./min.). The mixed bases were diluted 
with one third their volume of chloroform, and 0 07 ml. 
was injected at a time. The product from the faster 
peak was converted into a dipicrate (750 mg.) (from acetic 
acid), m. p. 210— 212° (decomp.), which gave 5,6,7,8-tetra- 
hydro-l,7-naphthyridine, b. p. 78— 79°/l*0 mm. (100 mg.), 
which was pure as shown by gas chromatography (retention 
time relative to CHClg, 6 75 min.). The slower peak gave a 
monopicrate (600 mg.) (from ethanol), m. p. 158— 159°, 
which was decomposed with sodium hydroxide in the usual 
way (see above) and gave \ , 2,^,4,-tetr ahy dr o -lj-n a p h th yr­
idine, b. p. 110°/1'0 mm. (190 mg.), which was shown to be 
pure by gas chromatography (retention time relative to 
CHClg, 12 8 min.). The separation was also effected by
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preparative thin-layer chromatography on Kieselgel G, 
with chloroform-methanol (20: 1) as solvent. The bands 
were examined under a mercury lamp with a filter for 254 
ni[x light and then with a filter for 365 m^ i. light. The faster 
band (/?p ~0*8) was eluted with methanol and gave pure
1,2,3,4-tetrahydro-1,7-naphthyridine. The slower band 
(i?p ~ 0 - l)  was impure and was re-run on aluminium oxide 
plates with chloroform-methanol (20: 1*75), and the band 
with ''-4)-8 was eluted with methanol and gave pure
5.6.7.8-tetrahydro-1,7-naphthyridine.
2,%,4t-Tetrahydro-\,^-naphthyridine.—  2,4-Dichloro-
1.8-naphthyridine (13 5 g.), anhydrous sodium acetate 
(22 g., 4 mol.), and 5% palladium-charcoal (14 g.) in 
ethanol (300 ml.) were hydrogenated at 20°/715 mm. After 
5^ hr., 4 mol. of hydrogen had been absorbed. The catalyst 
was filtered off, the filtrate evaporated, and the residue 
basified with 5N-sodium hydroxide and extracted with 
chloroform. The dried extract (Na,COg) was evaporated, 
and the residue distilled to give the product, b. p. 96°/ 
0 6 mm., 100°/0 8 mm. (3 0 g., 35%), which solidified on 
cooling. The yields were 15— 50% depending on the 
quality of the dichloro-compound used. 1,8-Naphthyr- 
idine gave the same product. The picrate (from acetic 
acid) had m. p. 226— 227°.
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